Some Factors Affecting the Germination of Okra Abelmoschus Esculentus (L.) Moench. by Bourgeois, Wayne John
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1979
Some Factors Affecting the Germination of Okra
Abelmoschus Esculentus (L.) Moench.
Wayne John Bourgeois
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Bourgeois, Wayne John, "Some Factors Affecting the Germination of Okra Abelmoschus Esculentus (L.) Moench." (1979). LSU
Historical Dissertations and Theses. 3430.
https://digitalcommons.lsu.edu/gradschool_disstheses/3430
INFORMATION TO USERS
This was produced from a copy of a document sent to us for microfilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 
submitted.
The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction.
1.The sign or “ target” for pages apparently lacking from the document 
photographed is “Missing Paget s)” If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity.
2. When an image on the film is obliterated with a round Mack mark it is an 
indication that the film inspector noticed either Murred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a 
good image of the page in the adjacent frame.
3. When a map, drawing or chart, etc., is part of the material being photo­
graphed the photographer has followed a definite method in “sectioning” 
the material. It is customary to begin filming at the upper left hand comer 
of a large sheet and to continue from left to right in equal sections with 
small overlaps. If necessary, sectioning is continued again-beginning 
below the first row and continuing on until complete.
4. For any illustrations that cannot be reproduced satisfactorily by 
xerography, photographic prints can be purchased at additional cost and 
tipped into your xerographic copy. Requests can be made to our 
Dissertations Customer Services Department.
5. Some pages in any document may have indistinct print. In all cases we 




31)0 N / H B  H O A D .  A NN A H H O R .  Ml 4HH)fi  
1H BF DF O H D  ROW.  L O N D O N  WC 1 R <1t J,  F NO L AND
8013111
BOURGEOIS, WAYNE JOHN
SOME FACTORS AFFECTING THE GERMINATION OF OKRA ABELMOSCHUS 
ESCULENTUS (L.) MOENCH
The Louisiana State University and
Agricultural and Mechanical Col. PH.D. 1979
University 
Microfilms
International 300 N. Zeeb Road. Ann Arbor, Ml 48106 18 Bedford Row. London WC1R 4E1. England
SOME FACTORS AFFECTING THE GERMINATION OF OKRA 
ABELMOSCHUS ESCULENTUS ( L . ) MOENCH.
A D i s s e r t a t i o n
S u b m i t t e d  t o  t h e  G r a d u a t e  F a c u l t y  o f  t h e  
L o u i s i a n a  S t a t e  U n i v e r s i t y  and 
A g r i c u l t u r a l  and  M e c h a n i c a l  C o l l e g e  
i n  p a r t i a l  f u l f i l l m e n t  o f  t h e  
r e q u i r e m e n t s  f o r  t h e  d e g r e e  o f  
D o c to r  o f  P h i l o s o p h y
i n
The D e p a r tm e n t  o f  H o r t i c u l t u r e
by
Wayne J o h n  B o u r g e o i s  
B . S . ,  N i c h o l l s  S t a t e  U n i v e r s i t y ,  1970 
M . S . ,  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  1972 
December 1 8 ,  1979
ACKNOWLEDGEMENTS
To t h e  a d v i s o r y  com m it tee  o f  D rs .  D. W. Newsom, T. P. 
H e rn a n d e z ,  W. A. Young, F .A .  M a r t i n  and m a jo r  p r o f e s s o r  
J .  F .  F o n t e n o t ,  t h e  a u t h o r  e x t e n d s  h i s  g r a t i t u d e  f o r  t h e i r  
s u g g e s t i o n s  and c o u n s e l  d u r i n g  th e  c o u r s e  o f  t h i s  s t u d y .
To D rs .  J .  B. B a k e r  and W. J .  M a r t i n  f o r  th e  f i n a n c i a l  
s u p p o r t ,  t im e  and f a c i l i t i e s  f u r n i s h e d  by th e  R ice  P ro m o t­
io n  Board and th e  P l a n t  P a th o lo g y  and Crop P h y s io lo g y  
D e p a r t m e n t .
The a u t h o r  a l s o  w is h e s  t o  acknow ledge  f e l l o w  g r a d u a t e  
s t u d e n t  G e r a l d  M. D i l l  f o r  a d v i c e  and a s s i s t a n c e  in  c o n ­
d u c t i n g  th e  s t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  r e p o r t e d  
h e r e i n .
The a u t h o r  w is h e s  t o  e x p r e s s  h i s  s i n c e r e  a p p r e c i a t i o n  
t o  h i s  w i f e  D ebra ,  w i t h o u t  whose e n co u ra g em en t  and s u p p o r t  
t h i s  e n d e a v o r  would n o t  have b een  p o s s i b l e .
The a u t h o r  w is h e s  t o  e x p r e s s  s p e c i a l  a p p r e c i a t i o n  and 
g r a t i t u d e  t o  h i s  p a r e n t s ,  Mr. and Mrs. C laude  T. B o u rg eo is  
f o r  t h e i r  p a t i e n c e ,  a s s i s t a n c e  and c o n t i n u e d  en co u rag em e n t  





LIST OF TABLES........................................................................................... l v
LIST OF F I G U R E S ...................................................................................... v i
LIST OF APPENDIX T A B L E S ..........................................................  v i i i
ABSTRACT.................................................................................................. x
INTRODUCTION ........................................................................................ 1
REVIEW OF LITERATURE....................................................................  3
MATERIALS AND M ETH OD S.......................................................................  26
RESULTS AND DISCUSSION .......................................................................  31
SUMMARY.........................................................................................................  83
LITERATURE CITED ...................................................................................... 86
APPENDIX.........................................................................................................  94




1. G e r m in a t io n  o f  o k r a  v a r i e t i e s  a s  a f f e c t e d  by 
n . e c h a n lc a l  s c a r i f i c a t i o n  a s  an  a v e r a g e  o f  a l l  
t im e s  t e s t e d ................................................................................  34
2.  G e r m in a t io n  o f  o k r a  as  a f f e c t e d  by d u r a t i o n  o f  
m e c h a n i c a l  s c a r i f i c a t i o n  ................................................  34
3. G e r m in a t io n  o f  o k r a  v a r i e t i e s  a s  a f f e c t e d  by 
s c a r i f i c a t i o n  w i t h  c o n c e n t r a t e d  s u l f u r i c  a c i d
a s  an  a v e r a g e  o f  a l l  t im e s  t e s t e d ......................... 40
4 .  G e r m in a t io n  o f  o k r a  a s  a f f e c t e d  by d u r a t i o n  o f
t r e a t m e n t  w i t h  c o n c e n t r a t e d  s u l f u r i c  a c i d  . . 40
5. G e r m in a t io n  o f  o k r a  v a r i e t i e s  a s  a f f e c t e d  by
t r e a t m e n t  w i t h  0.5% t h i o u r e a  a s  an  a v e r a g e  o f
a l l  t im e s  t e s t e d ....................................................................  44
6.  G e r m in a t io n  o f  o k ra  a s  a f f e c t e d  by d u r a t i o n  o f  
t r e a t m e n t  w i t h  0.5% t h i o u r e a .......................................  44
7. G e r m in a t io n  o f  o k r a  v a r i e t i e s  a s  a f f e c t e d  by
t r e a t m e n t  w i t h  95% a c e t o n e  a s  an  a v e r a g e  o f  a l l
t im e s  t e s t e d .............................................................................  48
8. G e r m in a t io n  o f  o k r a  a s  a f f e c t e d  by d u r a t i o n  o f  
t r e a t m e n t  w i t h  95% a c e t o n e ............................................ 48
9. G e r m in a t io n  o f  o k r a  v a r i e t i e s  a s  a f f e c t e d  by
t r e a t m e n t  w i t h  95% e t h a n o l  a s  an  a v e r a g e  o f  a l l
t im e s  t e s t e d .............................................................................  51
10. G e r m in a t io n  o f  o k r a  a s  a f f e c t e d  by d u r a t i o n  o f  
t r e a t m e n t  w i t h  95% e t h a n o l ............................................  51
11. G e r m in a t io n  o f  o k r a  v a r i e t i e s  a s  a f f e c t e d  by 
t r e a t m e n t  w i t h  t r i a c o n t a n o l  a s  an  a v e r a g e  o f  a l l  
c o n c e n t r a t i o n s  t e s t e d  ........................................................... 55
12. G e r m in a t io n  o f  o k r a  v a r i e t i e s  a s  a f f e c t e d  by 
t r e a t m e n t  w i t h  g l b b e r e l l l c  a c i d  a s  an  a v e r a g e
o f  a l l  c o n c e n t r a t i o n s  t e s t e d .......................................  59
iv





G e r m in a t io n  o f  o k r a  v a r i e t i e s  a s  a f f e c t e d  by 
t r e a t m e n t  w i t h  k l n e t i n  a s  a n  a v e ra g e  o f  a l l  
c o n c e n t r a t i o n s  and t im e s  t e s t e d  .............................
G e r m in a t io n  o f  o k r a  v a r i e t i e s  a s  a f f e c t e d  by 
t r e a t m e n t  w i t h  m l c r o n u t r l e n t  e l e m e n t s  a s  an 
a v e r a g e  o f  a l l  c o n c e n t r a t i o n s  t e s t e d  . . . .
G e r m in a t io n  o f  o k r a  v a r i e t i e s  a s  a f f e c t e d  by 
s t o r a g e  a s  an  a v e r a g e  o f  a l l  s t o r a g e  t e m p e r a ­








I .  The e f f e c t  o f  m e c h a n i c a l  s c a r i f i c a t i o n  on t h e
g e r m i n a t i o n  o f  o k r a ...................................................................... 32
2 .  The e f f e c t  o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  
s c a r i f i c a t i o n  on t h e  g e r m i n a t i o n  o f  o k r a  . . .  36
3 .  The e f f e c t  o f  0.57. t h i o u r e a  on t h e  g e r m i n a t i o n
o f  o k r a .................................................................................................... 42
4 .  The e f f e c t  o f  957. a c e t o n e  on t h e  g e r m i n a t i o n
o f  o k r a .................................................................................................... 46
5 .  The e f f e c t  o f  957. e t h a n o l  on t h e  g e r m i n a t i o n
o f  o k r a .................................................................................................... 49
6 .  The e f f e c t  o f  t r l a c o n t a n o l  on t h e  g e r m i n a t i o n
o f  o k r a ..........................................................................   53
7. The e f f e c t  o f  t h e  c o n c e n t r a t i o n  o f  g i b b e r e l l i c  
a c i d  on t h e  g e r m i n a t i o n  o f  o k r a ..........................   56
8 .  The e f f e c t  o f  g i b b e r e l l i c  a c i d  on t h e  g e r m i n a t i o n  
o f  o k r a ............................................................................................... 58
9 .  The e f f e c t  o f  k l n e t i n  on t h e  g e r m i n a t i o n  o f  o k r a  
v a r i e t i e s ..........................................................................................  61
10. The e f f e c t  o f  m i c r o n u t r i e n t  e l e m e n t s  on t h e ....germ ­
i n a t i o n  o f  o k r a  64
11. The e f f e c t  o f  m i c r o n u t r i e n t  e l e m e n t s  on t h e ... germ ­
i n a t i o n  o f  L o u i s i a n a  G reen  V e l v e t    66
12. The e f f e c t  o f  m l c r o n u t r l e n t  e l e m e n t s  on t h e ... germ ­
i n a t i o n  o f  C lem son S p i n e l e s s    68
13. The e f f e c t  o f  m l c r o n u t r l e n t  e l e m e n t s  on t h e ... germ ­
i n a t i o n  o f  Gold  C o a s t  69
vi
LIST OF FIGURES (Continued)
Figure Page
14. The e f f e c t  o f  m i c r o n u t r i e n t  e l e m e n t s  on t h e  
g e r m i n a t i o n  o f  E m e r a l d ...................................................... 71
15. The e f f e c t  o f  s t o r a g e  t im e  on t h e  g e r m i n a t i o n
o f  o k r a .................................................................................................... 73
16. The e f f e c t  o f  5 C s t o r a g e  on th e  g e r m i n a t i o n
o f  o k r a .................................................................................................... 76
17. The e f f e c t  o f  25 C s t o r a g e  on t h e  g e r m i n a t i o n
o f  o k r a .................................................................................................... 78
18. The e f f e c t  o f  a l t e r n a t i n g  1 0 /35  C s t o r a g e  on th e  
g e r m i n a t i o n  o f  o k r a ..................................................................... 79
19. The e f f e c t  o f  a l t e r n a t i n g  2 5 /3 5  C s t o r a g e  on th e  
g e r m i n a t i o n  o f  o k r a ..................................................................... 81
vii
LIST OF APPENDIX TABLES 
A p p e n d ix  T a b l e  Page
1. G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by m e c h a n i c a l
s c a r i f i c a t i o n  t r e a t m e n t s  ..................................................  95
2 .  G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by s c a r i f i c a t i o n
w i t h  c o n c e n t r a t e d  s u l f u r i c  a c i d  (93 .1% ) . . . .  96
3 .  G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by t r e a t m e n t
w i t h  0.5% t h i o u r e a ...................................................................... 97
4 .  G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by t r e a t m e n t
w i t h  95% a c e t o n e ........................................................................... 98
5 .  G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by t r e a t m e n t
w i t h  95%> e t h a n o l ........................................................................... 99
6 .  G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by t r e a t m e n t
w i t h  t r i a c o n t a n o l  a t  v a r i o u s  c o n c e n t r a t i o n s  . . 100
7. G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by t r e a t m e n t
w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  g i b b e r e l l i c
a c i d ......................................................................................................  101
8 .  G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by d u r a t i o n  o f
t r e a t m e n t  w i t h  g i b b e r e l l i c  a c i d  a s  an  a v e r a g e
o f  a l l  c o n c e n t r a t i o n s ............................................................  102
9 .  G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by t r e a t m e n t
w i t h  k l n e t i n  a s  an  a v e r a g e  o f  a l l  c o n c e n t r a t i o n s  103
10. G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by  t h e  c o n c e n t*
r a t i o n  an d  d u r a t i o n  o f  t r e a t m e n t  w i t h  k l n e t i n  . 104
11.  G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by t r e a t m e n t
w i t h  m i c r o n u t r i e n t  e l e m e n t s  a s  a n  a v e r a g e  o f
a l l  c o n c e n t r a t i o n s ............................................................................ 105
12. G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by  d u r a t i o n  o f
s t o r a g e  a s  a n  a v e r a g e  o f  a l l  s t o r a g e  t e m p e r a t ­
u r e s  ...................................    106
13.  G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by s t o r a g e  a t
a  c o n s t a n t  5 C ......................................................................................107
viii
LIST OF APPENDIX TABLES (Continued)
A p p e n d ix  T a b l e  Page
14 .  G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by s t o r a g e  a t
a  c o n s t a n t  25 C ........................................................................... 108
15. G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by s t o r a g e  a t
an  a l t e r n a t i n g  t e m p e r a t u r e  o f  1 0 /3 5  C ...................... 109
16. G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by s t o r a g e  a t
an  a l t e r n a t i n g  t e m p e r a t u r e  o f  2 5 /3 5  C .....................  110
ix
ABSTRACT
S t u d i e s  w ere  c o n d u c te d  on o k r a  (Abelmoschus e s c u l e n t u s  
( L . )  Moench) t o  d e t e r m i n e  t h e  i n f l u e n c e  o f  t r e a t m e n t  w i t h  
m e c h a n i c a l  s c a r i f i c a t i o n ,  a c i d  s c a r i f i c a t i o n ,  t h i o u r e a ,  
a c e t o n e ,  e t h a n o l ,  t r i a c o n t a n o l , g i b b e r e l l i c  a c i d ,  k i n e t i n ,  
v a r i o u s  m i c r o n u t r i e n t  e l e m e n t s ,  and  s t o r a g e  t e m p e r a t u r e  and 
d u r a t i o n  on g e r m i n a t i o n .  The v a r i e t i e s  L o u i s i a n a  Green 
V e l v e t ,  Clemson S p i n e l e s s ,  Gold C o a s t ,  and  E m era ld  were  
u s e d  t h r o u g h o u t  t h e  s t u d y .
The t r e a t m e n t  o f  o k r a  w i t h  m e c h a n i c a l  s c a r i f i c a t i o n  o r  
c o n c e n t r a t e d  s u l f u r i c  a c i d  d id  n o t  i n f l u e n c e  t h e  g e r m i n a t i o n  
e x c e p t  f o r  t h e  v a r i e t y  L o u i s i a n a  Green V e l v e t .  The germ ­
i n a t i o n  p e r  c e n t  o f  L o u i s i a n a  Green V e lv e t  was s l i g h t l y  
i n c r e a s e d  by  t h e s e  t r e a t m e n t s .
T r e a tm e n t  o f  o k r a  w i t h  0.57. t h i o u r e a  d i d  n o t  show a 
marked  i n f l u e n c e  on t h e  g e r m i n a t i o n  o f  o k r a .  Only L o u i s i a n a  
G reen  V e l v e t  showed a s l i g h t  I n c r e a s e  i n  g e r m i n a t i o n  when 
t r e a t e d  w i t h  0.5% t h i o u r e a .  T re a tm e n t  o f  o k ra  w i t h  95% 
a c e t o n e  and  95% e t h a n o l  d i d  n o t  i n c r e a s e  g e r m i n a t i o n .  The 
e t h a n o l  t r e a t m e n t s  showed a lo w er  g e r m i n a t i o n  p e r c e n t a g e  
t h a n  t h e  a c e t o n e  t r e a t m e n t s .
The g e r m i n a t i o n  o f  o k ra  was n o t  a f f e c t e d  by t r e a t m e n t
x
w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  t r i a c o n t a n o l ,  g i b b e r e l l i c  
a c i d  an d  k i n e t i n .
The t r e a t m e n t  o f  o k r a  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  
m i c r o n u t r i e n t  e l e m e n t s  su c h  a s  c o b a l t  s u l f a t e ,  c u p r l c  
s u l f a t e ,  manganous s u l f a t e ,  m o ly b d ic  a n h y d r i d e ,  sodium 
b o r a t e ,  sodium s u l f a t e  and  z i n c  s u l f a t e  d i d  n o t  i n f l u e n c e  
g e r m i n a t i o n .
The s t o r a g e  o f  o k ra  s e e d  a t  a c o n s t a n t  5 C, a c o n s t a n t  
25 C, an  a l t e r n a t i n g  1 0 /3 5  C and  an  a l t e r n a t i n g  2 5 /35  C f o r  
a  p e r i o d  o f  1 t o  16 weeks d id  n o t  have  a n  i n f l u e n c e  on t h e  
p e r c e n t a g e  o f  g e r m i n a t i o n .
xi
INTRODUCTION
O k ra  (A be lm oschua  e s c u l e n t  u s  ( L . ) Moench) i s  a  t r o p i c a l  
a n n u a l  w h ic h  b e l o n g s  t o  t h e  M a lv a c e a e  f a m i l y .  A l th o u g h  t h e  
o r i g i n  o f  o k r a  i s  n o t  d e f i n i t e l y  known, i t  i s  b e l i e v e d  t o  
h av e  o r i g i n a t e d  f rom  t r o p i c a l  A f r i c a .  I t s  e a r l y  c u l t i v a t i o n  
h a s  b e e n  t r a c e d  t o  t h e  E g y p t i a n s  a s  e a r l y  a s  1216 AD.
I t  c a n  be  grown I n  m o s t  p a r t s  o f  t h e  U .S .  w here  o t h e r  
v e g e t a b l e s  a r e  p r o d u c e d ,  a l t h o u g h  i t s  low t o l e r a n c e  t o  f r o s t  
l i m i t s  i t s  p r o d u c t i o n  a r e a s .  T h e r e f o r e  t h e  c o t t o n  b e l t  o r  
s o u t h e r n  s t a t e s  a r e  t h e  m a j o r  p r o d u c t i o n  a r e a s .  I t  c an  be 
p r o d u c e d  i n  an y  good  s o i l  a n d  r e q u i r e s  no s p e c i a l  a t t e n t i o n .  
T h e r e f o r e  i t  i s  c o n s i d e r e d  a  d e s i r a b l e  c r o p  f o r  a d d i t i o n a l  
incom e t o  f a r m e r s .
O k ra  v a r i e t i e s  v a r y  i n  t h e i r  r a t e  o f  g e r m i n a t i o n .  C e r ­
t a i n  v a r i e t i e s  g e r m i n a t e  i n  a  s h o r t  p e r i o d  o f  t im e  w h e r e a s  
o t h e r s  r e q u i r e  a  r e l a t i v e l y  l o n g  p e r i o d  o f  t im e  t o  g e r m i n a t e .  
T h i s  c h a r a c t e r i s t i c  o f  v a r i e t a l  d i f f e r e n c e s  i n  g e r m i n a t i o n  
c a n  r e s u l t  i n  n o n u n i f o r m  s t a n d s  an d  c a n  d e l a y  c u l t i v a t i o n  
w h ic h  c a n  l e a d  t o  s e r i o u s  weed c o n t r o l  p r o b l e m s . A ls o  
w i t h  n o n u n i f o r m  s t a n d s  t h e  r e s u l t i n g  v a r i a t i o n  i n  p l a n t  
h e i g h t  w i l l  r e d u c e  i f  n o t  e l i m i n a t e  t h e  p r o s p e c t s  o f  
m e c h a n i c a l  h a r v e s t i n g .  The o b j e c t i v e s  o f  t h i s  s t u d y  w ere  t o  
d e t e r m i n e  t h e  e f f e c t i v e n e s s  a n d  p o s s i b l e  f e a s i b i l i t y  o f
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2u s i n g  v a r i o u s  m e c h a n i c a l  an d  c h e m i c a l  t r e a t m e n t s  t o  p ro m o te  
r a p i d  an d  u n i f o r m  g e r m i n a t i o n  o f  o k r a .
REVIEW OF LITERATURE 
C e r t a i n  a s p e c t s  c o n c e r n i n g  t h e  p r o c e s s  t e rm e d  g e r m i n a t ­
io n  s h o u l d  be  c l a r i f i e d  a t  t h i s  t i m e .  D ure  (2 5 )  em p h as iz ed  
t h a t  s e e d  g e r m i n a t i o n  i s  p e r h a p s  t h e  m os t  p r e c a r i o u s  t im e  in  
t h e  l i f e  o f  a p l a n t .
L a b o r a t o r y  t e s t s  s h o u l d  be  e v o l v e d  i n  w h ic h  e x t e r n a l  
c o n d i t i o n s  a r e  c o n t r o l l e d  t o  f a c i l i t a t e  f a s t ,  r e g u l a r  and 
c o m p l e t e  g e r m i n a t i o n  o f  a p a r t i c u l a r  s e e d  ( 3 4 ) .  The o b j e c t ­
i v e  o f  a g e r m i n a t i o n  t e s t  a s  d e f i n e d  by t h e  I n t e r n a t i o n a l  
S eed  T e s t i n g  A s s o c i a t i o n  ( I . S . T . A . )  i s  a s  f o l l o w s :  " g e r m i n ­
a t i o n  i n  a l a b o r a t o r y  t e s t  i s  t h e  em erg en ce  and  d e v e lo p m e n t  
f rom  t h e  s e e d  embryo o f  t h o s e  e s s e n t i a l  s t r u c t u r e s  w h ic h  f o r  
t h e  k i n d  o f  s e e d  b e i n g  t e s t e d ,  i n d i c a t e s  t h e  a b i l i t y  t o  
d e v e l o p  i n t o  a n o r m a l  p l a n t  u n d e r  f a v o r a b l e  c o n d i t i o n s  i n  
t h e  s o i l "  ( 1 3 , 2 2 , 3 4 , 7 6 ) .  I n  g e n e r a l  t e r m s  g e r m i n a t i o n  i s  
d e f i n e d  a s  t h e  e m erg en ce  a n d  d e v e lo p m e n t  f rom  t h e  s e e d  embryo 
o f  t h o s e  e s s e n t i a l  s t r u c t u r e s  w h ic h  f o r  t h e  k i n d  o f  s e e d  in  
q u e s t i o n  a r e  i n d i c a t i v e  o f  t h e  a b i l i t y  t o  p r o d u c e  a n o rm a l  
p l a n t  u n d e r  f a v o r a b l e  c o n d i t i o n s  ( 7 6 ) .  P o r t e r  ( 7 6 )  r e p o r t e d  
t h a t  i n  e a r l y  a t t e m p t s  t o  d e t e r m i n e  g e r m l n a b i l i t y , a  s e e d  
w h ic h  p r o d u c e d  a  p r i m a r y  r o o t ,  a p r i m a r y  s t e m ,  o r  b o t h ,  a f t e r  
a  g i v e n  number  o f  d a y s  was c o n s i d e r e d  t o  h a v e  g e r m i n a t e d .
3
4S e v e r a l  a u t h o r s  ( 1 4 , 5 6 , 5 7 , 6 5 , 9 8 )  r e p o r t e d  t h a t  g e r m in ­
a t i o n  o f  t h e  s e e d  o f  h i g h e r  p l a n t s  i s  r e g a r d e d  a s  t h a t  c o n ­
s e c u t i v e  num ber  o f  s t e p s  w h ic h  c a u s e s  a  q u i e s c e n t  s e e d ,  w i t h  
a  low w a t e r  c o n t e n t ,  t o  show a  r i s e  i n  i t s  g e n e r a l  m e t a b o l i c  
a c t i v i t y  and  t o  i n i t i a t e  t h e  f o r m a t i o n  o f  a  s e e d l i n g  from 
t h e  em bryo .  Normal p r o g r e s s  o f  s e e d  m e t a b o l i s m  d u r i n g  
g e r m i n a t i o n  r e s u l t s  i n  g r o w t h  o f  t h e  embryo i n t o  a v i g o r o u s  
s e e d l i n g ,  c a p a b l e  o f  e s t a b l i s h i n g  i t s e l f  i n  t h e  g i v e n  
e n v i r o n m e n t  an d  o f  d e v e l o p i n g  f u r t h e r  i n t o  a n o rm a l  p l a n t  
( 6 0 ) .  A s e e d  s h a l l  be  c o n s i d e r e d  t o  h a v e  g e r m i n a t e d  when i t  
h a s  d e v e l o p e d  t h o s e  s t r u c t u r e s  t h a t  a r e  c o n s i d e r e d  e s s e n t i a l  
f o r  a n o r m a l  s e e d l i n g .  Broken  s e e d l i n g s  an d  w eak ,  m a l fo rm e d  
an d  a b n o rm a l  s e e d l i n g s  s h a l l  be  c o n s i d e r e d  a s  n o t  h a v i n g  
g e r m i n a t e d  ( 2 2 ) .
G e r m i n a t i o n  c o n s i s t s  o f  t h o s e  p r o c e s s e s  w h ic h  b e g i n  
w i t h  w a t e r  u p t a k e  and  w h ic h  s u c c e s s f u l l y  t e r m i n a t e s  w i t h  t h e  
e m e rg e n c e  o f  t h e  r a d i c a l e  o r  h y p o c o t y l  t h r o u g h  t h e  s e e d  
c o v e r i n g  ( 1 4 ) .  An a d e q u a t e  s u p p l y  o f  w a t e r  i s  one o f  t h e  
e s s e n t i a l  r e q u i r e m e n t s  i n  t h e  g e r m i n a t i o n  o f  s e e d s  b e f o r e  
g r o w t h  can  p r o c e e d  ( 5 5 , 6 1 , 6 5 ) .
The o b j e c t i v e  o f  a  l a b o r a t o r y  t e s t  c a n  b e  s t a t e d  a s  
" t h e  u l t i m a t e  o b j e c t i v e  o f  t e s t i n g  f o r  g e r m i n a t i o n  t o  g a i n  
i n f o r m a t i o n  w i t h  r e s p e c t  t o  t h e  f i e l d  p l a n t i n g  v a l u e  o f  t h e  
s e e d  and  t o  p r o v i d e  r e s u l t s  w h ic h  can  be  u s e d  t o  com pare  t h e
5v a l u e  o f  d i f f e r e n t  s e e d  l o t s "  ( 4 5 ) .  I t  was p o i n t e d  o u t  by 
P o r t e r  (7 6 )  t h a t  t h e  p r i m a r y  p u r p o s e  o f  a  s e e d  g e r m i n a t i o n  
t e s t  i s  t o  d e t e r m i n e  t h e  a b i l i t y  o f  s e e d s  t o  grow and  p r o ­
d u c e  n o r m a l  p l a n t s .
The m e a su re m e n t  o f  g e r m i n a t i o n  c a n  b e  d i v i d e d  i n t o  t h r e e  
t y p e s :  1 .  t o t a l  w h ich  i s  u s u a l l y  e x p r e s s e d  a s  a  p e r c e n t a g e
o f  t h e  s a m r l e  on t e s t ,  2 .  mean r a t e  o f  g e r m i n a t i o n  and
3 .  t h e  v a r i a t i o n  i n  r a t e  ( 3 2 ) .  G e r m i n a t i o n  i s  e x p r e s s e d  
a s  t h e  p e r c e n t a g e  o f  t h e  p u r e  s e e d  o f  t h e  k i n d  u n d e r  
c o n s i d e r a t i o n  w h ic h  p r o d u c e s  n o r m a l  s e e d l i n g s  ( 1 4 , 6 1 ) .
G o o d c h l l d  and  W a lk e r  ( 3 2 )  s t a t e d  t h a t  t h e  o b j e c t i v e  i s  t o  
f i n d  o u t  t h e  p r o p o r t i o n  o f  s e e d s  i n  a sa m p le  g e r m i n a t i n g  
w i t h i n  a s p e c i f i e d  p e r i o d ,  any  m e a s u r e  o t h e r  t h a n  t h e  p r o ­
p o r t i o n  g e r m i n a t i n g  o r  p e r c e n t a g e  g e r m i n a t i o n  i s  i r r e l e v a n t .
The t e s t i n g  o f  s e e d s  u n d e r  f i e l d  c o n d i t i o n s  i s  g e n e r a l l y  
u n s a t i s f a c t o r y  o r  i m p r a c t i c a l ,  due  t o  t h e  non r e p r o d u c i b i l i t y  
o f  r e l i a b l e  r e s u l t s .  I s e l y  (4 4 )  n o t e d  t h a t  i t  c a n n o t  be  
j u s t i f i a b l y  s t a t e d  t h a t  t h e  g e r m i n a t i o n  t e s t  w i l l  p r e d i c t  
f i e l d  s t a n d ,  b u t  t h e  g e r m i n a t i o n  t e s t  d o e s  d e t e r m i n e  t h e  
maximum p o t e n t i a l  o f  a s e e d  l o t .  B e d fo r d  (1 3 )  n o t e d  t h a t  a s  
l o n g  a s  t h e  f a c t  t h a t  f i e l d  e m e rg e n c e  i s  g e n e r a l l y  l e s s  t h a n  
t h e  p e r c e n t a g e  o f  g e r m i n a t i o n  a s  d e t e r m i n e d  by  a  l a b o r a t o r y ,  
t h a t  i t  c a n  s t i l l  b e  a v a l u a b l e  t o o l  t o  t h e  g r o w e r .  I f  o n l y  
50% o f  t h e  s e e d s  a r e  c a p a b l e  o f  p r o d u c i n g  n o r m a l  s p r o u t s ,
6one  c a n  b e  c e r t a i n  t h a t  n o  m ore  t h a n  50% w i l l  grow i n  t h e  
f i e l d  ( 4 4 ) .
I t  was r e p o r t e d  by  S u m m e r f i e ld  (8 9 )  t h a t  l a b o r a t o r y  
g e r m i n a t i o n  t e s t s  u n d e r  optimum c o n d i t i o n s  p r o v i d e  a r e l i a b l e  
e s t i m a t e  o f  s e e d  p e r f o r m a n c e .  S e e d s  d i f f e r i n g  i n  g e n e t i c a l  
c h a r a c t e r i s t i c s  a n d / o r  p h y s i o l o g i c a l  c o n d i t i o n  may e x h i b i t  
s i m i l a r  l a b o r a t o r y  g e r m i n a t i o n  b u t  t o l e r a t e  d i f f e r e n t  o r  a 
w i d e r  r a n g e  o f  sub  o p t i m a l  e n v i r o n m e n t a l  c o n d i t i o n s  ( 8 9 ) .
I n  o r d e r  t h a t  a  s e e d  can  g e r m i n a t e  i t  m us t  b e  p l a c e d  
i n  e n v i r o n m e n t a l  c o n d i t i o n s  f a v o r a b l e  f o r  t h i s  p r o c e s s  ( 6 5 ) .  
H e g a r t y  (3 7 )  m a i n t a i n e d  t h a t  t h e  s o i l  i s  n o t  an  i d e a l  e n v i r ­
onment f o r  g e r m i n a t i o n  and e m erg e n c e  and  c a n  be  c o n s i d e r e d  
t o  b e  e i t h e r  more o r  l e s s  a d v e r s e  a t  t i m e s .  T h e r e  f r e q u e n t l y  
e x i s t  some s o r t  o f  c o r r e l a t i o n  b e tw e e n  t h e  e n v i r o n m e n t a l  
r e q u i r e m e n t s  and  t h e  e c o l o g i c a l  c o n d i t i o n s  o c c u r i n g  i n  t h e  
h a b i t  o f  t h e  p l a n t  and  t h e  s e e d  ( 6 5 ) .  H e g a r t y  (3 7 )  p r o p o s e d  
t h a t  t h e  s o i l  f a c t o r s  a f f e c t i n g  em erg en c e  a r e  t e m p e r a t u r e ,  
m o i s t u r e ,  a e r a t i o n ,  p a t h o g e n  c o n t e n t  and  a c t i v i t y  and 
s t r u c t u r a l  p r o p e r t i e s  s u c h  a r e s i s t a n c e  t o  s e e d l i n g  p e n e t r a ­
t i o n .  Among t h e  c o n d i t i o n s  w h ic h  a r e  r e q u i r e d  f o r  g e r m i n a ­
t i o n  a r e  an  a d e q u a t e  s u p p l y  o f  m o i s t u r e ,  s u i t a b l e  t e m p e r a t u r e  
an d  an a d e q u a t e  s u p p l y  o f  oxygen  f o r  r e s p i r a t i o n  ( 6 1 , 6 5 , 9 8 ,
103).
T o o le  e t  a l  ( 9 8 )  r e p o r t e d  on t h r e e  d i s t i n c t  s t a g e s
7w h ic h  a r e  e v i d e n t  i n  g e r m i n a t i n g  s e e d s :  1 .  i m b i b i t i o n  o f
w a t e r ,  2 .  c e l l  e l o n g a t i o n  an d  3 .  i n c r e a s e  i n  c e l l  num ber .  
I m b i b i t i o n  i s  d e t e r m i n e d  b y  t h e  c o m p o s i t i o n  o f  t h e  s e e d ,  t h e  
p e r m e a b i l i t y  o f  t h e  s e e d  c o a t  and  t h e  a v a i l a b i l i t y  o f  w a t e r  
i n  l i q u i d  o r  g a s e o u s  form  i n  t h e  e n v i r o n m e n t  ( 5 5 , 5 6 , 6 5 ) .
W a te r  e n t e r s  t h e  s e e d  by i m b i b i t i o n  and  i s  a c co m p a n ied  
by  s w e l l i n g  and  p o s s i b l e  r u p t u r e  o f  t h e  s e e d  c o a t  ( 6 1 ) .
S i n c e  m o s t  s e e d s  h a v e  a r e l a t i v e l y  low w a t e r  c o n t e n t  t h e y  
n e e d  t o  t a k e  up c o n s i d e r a b l e  am o u n ts  o f  w a t e r  b e f o r e  germ ­
i n a t i o n  c a n  o c c u r  ( 1 0 3 ) .
D i f f e r e n t  s e e d s  h a v e  d i f f e r e n t  t e m p e r a t u r e  r a n g e s  w i t h ­
i n  w h ic h  t h e y  g e r m i n a t e  ( 6 4 , 6 5 ) .  G e n e r a l l y  a t  v e r y  low o r  
v e r y  h i g h  t e m p e r a t u r e s  t h e  g e r m i n a t i o n  o f  m o s t  s e e d  i s  p r e ­
v e n t e d .  I n  t h e  t e m p e r a t u r e  r a n g e  w i t h i n  w h ic h  a  c e r t a i n  
s e e d  g e r m i n a t e s  t h e r e  i s  u s u a l l y  an  optimum t e m p e r a t u r e - -  
b e lo w  and  above  w h ic h  g e r m i n a t i o n  i s  d e l a y e d  b u t  u s u a l l y  
n o t  p r e v e n t e d  ( 6 1 , 6 5 ) .  T o o le  et_ a l  (9 8 )  c o i n e d  t h e  t e rm  
" c a r d i n a l "  g e r m i n a t i o n  t e m p e r a t u r e ,  t h e  b e s t  c o n s t a n t l y -  
m a i n t a i n e d  o r  a l t e r n a t i n g  t e m p e r a t u r e  an d  t h e  p r o p e r  p r e ­
c h i l l i n g  t e m p e r a t u r e  f o r  t h e  g e r m i n a t i o n  o f  s e e d s  o f  i n d i v i d ­
u a l  s p e c i e s .  In  s e e d  g e r m i n a t i o n  w o rk ,  optimum t e m p e r a t u r e s  
a r e  t h o s e  a t  w h ic h  t h e  l a r g e s t  num ber  o f  s e e d s  o f  t h e  p a r t ­
i c u l a r  s p e c i e s  w i l l  grow ( 6 1 ) .
T e m p e r a t u r e  a f f e c t s  t h e  r a t e  o f  c h e m i c a l  r e a c t i o n ,  t h e
8a b s o r p t i o n  o f  w a t e r  an d  t h e  I n t a k e  o f  oxygen  b y  t h e  s e e d s  ( 6 1 ) .
M ost  s e e d s  g e r m i n a t e  I n  a i r ,  I n  an  a t m o s p h e r e  c o n t a i n ­
i n g  20% oxygen  an d  a low p e r c e n t a g e  o f  c a r b o n  d i o x i d e  ( .03%)
( 6 5 ) .  W a re in g  (1 0 3 )  s t a t e d  t h a t  t h e  oxygen  r e q u i r e m e n t  o f  
d i f f e r e n t  s e e d  v a r y  g r e a t l y ,  b u t  m o s t  s e e d s  a r e  c a p a b l e  o f  
g e r m i n a t i n g  a t  oxygen  t e n s i o n s  b e lo w  t h a t  o f  a i r .  However,  
s e e d s  r e q u i r e  h i g h e r  oxygen  t e n s i o n s  f o r  g e r m i n a t i o n  t h a n  
do g ro w in g  p l a n t s .  The p r i m a r y  n e c e s s i t y  o f  oxygen  I s  i n  
r e s p i r a t i o n  w h ic h  s u p p l i e s  e n e r g y  t o  m a i n t a i n  l i f e  by t h e  
o x i d a t i o n  o f  f o o d s  ( 6 1 ) .  Mayer et^ a l  ( 6 5 )  s t a t e d  t h a t  by  
i n c r e a s i n g  o r  d e c r e a s i n g  t h e  oxygen  c o n t e n t ,  g e r m i n a t i o n  
c a n  b e  i n c r e a s e d  o r  d e c r e a s e d  d e p e n d i n g  on t h e  s p e c i e s  
c o n c e r n e d .
S e e d s  w h ic h  do n o t  a b s o r b  w a t e r  when p l a c e d  i n  m o i s t  
s u r r o u n d i n g s  g e n e r a l l y  a r e  t e r m e d  h a r d  s e e d s  and  h a v e  
im p e rm e a b le  s e e d  c o a t s  ( 6 1 , 9 8 , 1 0 3 ) .  T h e se  g e n e r a l l y  f a l l  
I n t o  one  o f  t h e  f o l l o w i n g  f a m i l i e s :  L e g u m in o s e a e ,  M a l v a c e a e ,
C o n v o l v u l a c e a e  an d  L i l i a c e a e .  M ayer  and  S h a in  (6 8 )  n o t e d  
t h a t  t h e  c o a t s  o f  s e e d s  may r e g u l a t e  g e r m i n a t i o n  by  e s t a b ­
l i s h i n g  a p e r m e a b i l i t y  b a r r i e r  and  i n t e r f e r i n g  w i t h  t h e s e  
p r o c e s s e s :  u p t a k e  o f  w a t e r ,  r a d i c l e  p r o t r u s i o n ,  g a s e o u s
e x c h a n g e  and  t h e  o u tw a r d  d i f f u s i o n  o f  en d o g en o u s  g e r m i n a t i o n  
I n h i b i t o r s .  The u p t a k e  o f  w a t e r  may be  l i m i t e d  b y  im perm e­
a b l e  c o a t s  ( 9 8 , 1 0 3 ) .  B r e a k i n g  o r  r e m o v in g  s e e d  c o v e r i n g s
9f r e q u e n t l y  Im p ro v e s  g e r m i n a t i o n  ( 9 8 ) .
K id d  an d  W est  (5 3 )  c o n s i d e r e d  t h e  s e e d  c o a t  a s  an 
o b s t a c l e  t o  g a s e o u s  e x c h a n g e  o f  t h e  em bryo ,  t h e  t h i c k e r  
t h e  s e e d  c o a t  t h e  s l o w e r  g a s e s  p a s s  t h r o u g h  th e m .  Seed 
c o a t s  w e r e  m ore  p e r m e a b l e  t o  g a s e s  when m o i s t  t h a n  when d r y ,  
b u t  a f i l m  o f  w a t e r  a r o u n d  t h e  s e e d  w i l l  r e t a r d  oxygen  I n t a k e  
t o  t h e  e x t e n t  t h e  s e e d s  f a i l  t o  g e r m i n a t e  ( 2 3 , 6 1 , 6 8 , 1 0 3 ) .
T h e r e  a l s o  e x i s t s  e v i d e n c e  t h a t  t h e  e f f e c t  o f  t h e  s e e d  c o a t  
may b e  due t o  m e c h a n i c a l  r e s i s t a n c e  t o  t h e  g ro w th  o f  t h e  
r a d i c l e  ( 6 8 , 9 2 , 9 8 , 1 0 3 ) .
The s e e d s  o f  m o s t  c u l t i v a t e d  p l a n t s  u s u a l l y  g e r m i n a t e  
e q u a l l y  w e l l  i n  t h e  d a r k  and  i n  t h e  l i g h t .  S e e d s  may b e  
d i v i d e d  i n t o  t h o s e  w h ic h  g e r m i n a t e  o n l y  i n  t h e  d a r k ,  t h o s e  
w h ic h  g e r m i n a t e  o n l y  i n  c o n t i n u o u s  l i g h t ,  t h o s e  w h ic h  germ ­
i n a t e  a f t e r  b e i n g  g i v e n  a b r i e f  p e r i o d  o f  l i g h t  and  t h o s e  
w h ic h  a r e  i n d i f f e r e n t  t o  t h e  p r e s e n c e  o r  a b s e n c e  o f  l i g h t  
d u r i n g  g e r m i n a t i o n  (6 5 )  . Seed  t h a t  show i n c r e a s e d  g e r m i n a ­
t i o n  when e x p o s e d  t o  l i g h t  a r e  u s u a l l y  r e f e r r e d  t o  a s  l i g h t -  
s e n s i t i v e  ( 6 1 ) .  W a re in g  ( 1 0 3 )  r e p o r t e d  t h a t  t h e  g e r m i n a t i o n  
o f  many s e e d s  i s  a f f e c t e d  by  l i g h t  an d  t h e s e  a r e  te rm e d  
p h o t o b l a s t i c , w i t h  t h e  p r o m o t io n  o f  g e r m i n a t i o n  r e f e r r e d  t o  
a s  p o s i t i v e l y  p h o t o b l a s t i c  a n d  t h e  i n h i b i t i o n  o f  g e r m i n a t i o n  
r e f e r r e d  t o  a s  n e g a t i v e l y  p h o t o b l a s t i c .
I n  g e n e r a l  t h e  q u a l i t y  o f  l i g h t  a l s o  h a s  an e f f e c t  on
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g e r m i n a t i o n ,  i . e .  t h e  l o n g e r  w a v e l e n g t h s  i n  t h e  r e d .  o r a n g e  
a n d  y e l l o w  r e g i o n s  p ro m o te  g e r m i n a t i o n  w h e r e a s  t h e  s h o r t e r  
w a v e l e n g t h s  i n  t h e  g r e e n ,  b l u e  an d  v i o l e t  r e g i o n s  i n h i b i t s  
g e r m i n a t i o n  ( 6 1 ) .
Even u n d e r  f a v o r a b l e  c o n d i t i o n s  o k r a  s e e d  f r e q u e n t l y  
g e r m i n a t e s  s l o w l y  and  i r r e g u l a r l y  ( 3 . 2 8 ) .  V a r i e t a l  d i f f e r ­
e n c e s  o c c u r  a t  b o t h  h i g h  an d  low t e m p e r a t u r e  l e v e l s ;  C lem- 
son  S p i n e l e s s  h ad  t h e  h i g h e s t  r a t e  o f  s e e d l i n g  em erg en ce  
f o l l o w e d  by  P e r k i n s  S p i n e l e s s .  E m e r a l d .  M i s s i s s i p p i  S p i n e ­
l e s s  and  L o u i s i a n a  G reen  V e l v e t  (2 7 )  . Edmond an d  D r a p a l a  
( 2 6 , 2 7 )  r e p o r t e d  t h a t  h i g h  t e m p e r a t u r e  l e v e l s  ( 7 5 - 8 5  F) 
p ro m o te d  a  r a p i d  e m e rg en ce  o f  o k r a  s e e d l i n g s  w i t h  c o m p le t e  
g e r m i n a t i o n  i n  f i v e  d a y s ,  w h e r e a s  a t  low t e m p e r a t u r e  l e v e l s  
( 6 0 - 8 0  F) m o s t  s e e d s  h ad  c o m p l e t e d  t h e i r  g e r m i n a t i o n  i n  n i n e  
d a y s .  They a l s o  showed t h a t  f o r  h i g h  an d  low t e m p e r a t u r e  
l e v e l s ,  C lemson S p i n e l e s s ,  P e r k i n s  S p i n e l e s s  an d  M i s s i s s i p p i  
S p i n e l e s s  h a d  h i g h  and  p r a c t i c a l l y  t h e  same p e r c e n t a g e  o f  
g e r m i n a t i o n .  E m e ra ld  h ad  m o d e r a t e l y  low an d  d i f f e r e n t  p e r ­
c e n t a g e  o f  g e r m i n a t i o n  f o r  e a c h  o f  two t e m p e r a t u r e  l e v e l s  
and  L o u i s i a n a  G re en  V e l v e t  had  a  h i g h  p e r c e n t a g e  o f  g e rm ­
i n a t i o n  f o r  t h e  low  t e m p e r a t u r e  l e v e l  (2 7 )
Onwueme (7 4 )  s t a t e d  t h a t  s e e d s  o f  o k r a  w h ic h  w e re  i n  
m o i s t  s o i l  an d  s u b j e c t e d  t o  h e a t  s t r e s s  o f  45 C f o r  10 h o u r s  
showed p r o m o t io n  o f  h y p o c o t y l  e l o n g a t i o n  an d  a c c e l e r a t i o n  o f
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s e e d l i n g  e m e r g e n c e .  S u b j e c t i n g  d r y  s e e d  t o  4 0 - 6 0  C f o r  24 
h o u r s  b e f o r e  so w in g  g a v e  no  a p p r e c i a b l e  a c c e l e r a t i o n  o f  
e m e rg e n c e  ( 7 5 ) .
S in g h  an d  D h a l l w a l  (8 6 )  n o t i c e d  t h a t  v e g e t a b l e  c r o p s  
showed a n a r r o w  r a n g e  o f  s o i l  t e m p e r a t u r e  f o r  s e e d l i n g  
e m e r g e n c e , w i t h  o k r a ,  b o t t l e g o u r d  and  s q u a s h  e m e rg in g  I n  t h e  
t e m p e r a t u r e  r a n g e  o f  2 0 -4 0  C. The r e s u l t s  I n d i c a t e  t h a t  f o r  
m o s t  o f  t h e s e  c r o p s ,  t h e  lo w e r  l i m i t s  o f  f a v o r a b l e  t e m p e r ­
a t u r e  r a n g e  l i e s  b e tw e e n  1 5 -2 5  C and  t h e  h i g h  l i m i t  e x t e n d s  
up  t o  35 C ( 8 6 ) .
H a r r i n g t o n  (3 6 )  r e p o r t e d  t h a t  t h e  r e s u l t s  o f  f i e l d  t e s t s  
s u g g e s t  t h e  u s e  o f  an  a l t e r n a t i o n  o f  t e m p e r a t u r e  b e tw e e n  1 8 -  
32 C f o r  t h e  g e r m i n a t i o n  o f  many s p e c i e s  o f  s e e d s .  He s t a t e d  
t h a t  an a l t e r n a t i o n  c o v e r i n g  a l o w e r  t e m p e r a t u r e  r a n g e  t h a n  
2 0 - 3 0  C was s u f f i c i e n t  f o r  g e r m i n a t i o n  f o r  o n io n  s e e d  an d  an 
a l t e r n a t i o n  c o v e r i n g  a  c o n s i d e r a b l y  h i g h e r  t e m p e r a t u r e  r a n g e  
was s u f f i c i e n t  f o r  t h e  g e r m i n a t i o n  o f  c u c u r b i t  s e e d s .
B usse  ( 1 7 )  fo u n d  t h a t  f r e e z i n g  a l f a l f a  s e e d  a t  m o d e r ­
a t e l y  low t e m p e r a t u r e  h ad  no e f f e c t  on t h e i r  g e r m l n a b i l i t y , 
b u t  f r e e z i n g  them  a t  v e r y  low  t e m p e r a t u r e s  w ou ld  e n a b l e  t h e  
s e e d s  t o  g e r m i n a t e  p r o m p t l y  when p l a c e d  u n d e r  n o rm a l  g e rm ­
i n a t i o n  c o n d i t i o n s .
A l b r e g t s  a n d  Howard ( 2 )  s t a t e d  t h a t  s e e d  q u a l i t y ,  
m o i s t u r e  an d  t e m p e r a t u r e  a r e  i m p o r t a n t  i n  t h e  g e r m i n a t i o n
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a n d  e m e rg e n c e  o f  s e e d s .  The e m erg en ce  r a t e  o f  s e e d  was 
a f f e c t e d  m ore  s e v e r l y  by  b o t h  t e m p e r a t u r e  a n d  m o i s t u r e  
s t r e s s  t h a n  was t o t a l  p e r  c e n t  e m e r g e n c e .  L o w e r in g  t h e  
m o i s t u r e  s t r e s s  h a s t e n e d  t h e  em erg en c e  r e g a r d l e s s  o f  t h e  
t e m p e r a t u r e  ( 2 ) .
M a r t i n  e t ,  al^ (6 3 )  r e p o r t e d  t h a t  t h e  a b i l i t y  t o  g e r m i n a t e  
was p r o l o n g e d  w i t h  d e c r e a s e s  i n  m o i s t u r e  c o n t e n t  o f  t h e  
s e e d  when s t o r e d  a t  room t e m p e r a t u r e  o r  In  c o l d  s t o r a g e .
Canode (1 8 )  n o t e d  t h a t  t h e  g e r m i n a t i o n  o f  s e v e r a l  g r a s s  
s e e d s  d i d  n o t  c h a n g e  when k e p t  i n  c o l d  d r y  s t o r a g e  w h e r e a s  
t h e  g e r m i n a t i o n  o f  t h e s e  same g r a s s e s  was g r e a t l y  r e d u c e d  
when s t o r e d  u n d e r  warm d r y  o r  c o o l  m o i s t  s t o r a g e  c o n d i t i o n s .
B a r t o n  (1 1 )  r e p o r t e d  t h a t  i n  an  e x t e n d e d  s t o r a g e  t e s t  
w i t h  t r e e  s e e d s , v e g e t a b l e  s e e d s ,  c o t t o n  an d  f l o w e r  s e e d s  
t h e  r e t e n t i o n  o f  h i g h  g e r m i n a t i o n  c a p a c i t y  was a c h i e v e d  i n  
s e a l e d  s t o r a g e  a t  5 C f o r  a  p e r i o d  o f  a b o u t  5 y e a r s .  B a r t o n  
( 6 )  s t a t e d  t h a t  c a r r o t ,  l e t t u c e ,  o n io n  and  p e p p e r  s e e d  
b e n e f i t e d  f rom  d r y i n g  b e f o r e  s t o r a g e  t o  m a i n t a i n  t h e i r  
g e r m l n a b i l i t y  f o r  s e v e r a l  y e a r s .  The l i f e  s p a n  o f  l e t t u c e ,  
o n i o n  and  c a u l i f l o w e r  s e e d  s t o r e d  a t  room t e m p e r a t u r e  c o u l d  
b e  p r o l o n g e d  by a d j u s t m e n t s  o f  m o i s t u r e  c o n t e n t  t o  a p p r o x i -  
m a t e l y  6-8% ( 7 ) .  H igh  m o i s t u r e  c o n t e n t  o f  C lemson S p i n e ­
l e s s  o k r a  s e e d  was d e t r i m e n t a l  t o  s e e d  q u a l i t y  an d  g e rm -  
a t l o n .  Low m o i s t u r e  c o n t e n t  o f  o k ra  s e e d  r e t a r d e d
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d e t e r i o r a t i o n  t o  t h e  e x t e n t  t h a t  i t  was s a f e  a n d  o f f e r s  an  
e c o n o m i c a l  m eans  o f  m a i n t a i n i n g  h i g h  g e r m i n a t i o n  ( 6 3 ) .
H u n t e r  an d  E r i c k s o n  (4 1 )  m e n t i o n e d  t h a t  t h e  m in lnum  
m o i s t u r e  c o n t e n t  n e c e s s a r y  f o r  v a r i o u s  s e e d  s p e c i e s  t o  
g e r m i n a t e  was fo u n d  t o  be  a p p r o x i m a t e l y  30.5% f o r  c o m ,
26.5% f o r  r i c e ,  50.0% f o r  s o y b e a n s  an d  31.0% f o r  s u g a r  b e e t .  
C h a u b h a ry  e t  al_ (1 9 )  r e p o r t e d  t h a t  w a t e r  a b s o r p t i o n  by s e e d s  
o f  w h e a t  and  c o m  c a n  i n c r e a s e  w i t h  i n c r e a s i n g  t e m p e r a t u r e .
H s i a o  and  V i d a v e r  ( 4 0 )  s t a t e d  t h a t  l e t t u c e  s e e d  w i t h  
6 - 8% m o i s t u r e  c o n t e n t  showed no  l i g h t - i n d u c e d  g e r m i n a t i o n  
r e s p o n s e s ,  w h e r e a s  i n  s e e d s  w i t h  15% o r  more m o i s t u r e  c o n ­
t e n t ,  g e r m i n a t i o n  was p ro m o te d  by r e d  l i g h t  o r  r e t a r d e d  by 
f a r  r e d  l i g h t .  T a y l o r s o n  an d  H e n d r i c k s  (9 1 )  fo u n d  t h a t  f u l l  
g e r m i n a t i o n  o f  a m a r a n t h u s  s e e d  can  be  o b t a i n e d  by i r r a d i ­
a t i o n  w i t h  r e d  l i g h t  a f t e r  36 h o u r s  o f  d a r k  i m b i b i t i o n  a t  
35 C.
M o r ln a g a  ( 7 1 , 7 3 )  r e p o r t e d  t h a t  r e d u c i n g  t h e  oxygen 
p r e s s u r e  h a s  a v e r y  b e n e f i c i a l  e f f e c t  u p o n  t h e  g e r m i n a t i o n  
o f  i n t a c t  c a t - t a l l  s e e d  an d  showed a m arked  e f f e c t  upon t h e  
g e r m i n a t i o n  o f  Bermuda g r a s s  s e e d s .  The optimum f o r  c a t ­
t a i l  s e e d s  was o b t a i n e d  by d i l u t i n g  t h e  a i r  w i t h  40-80% 
n i t r o g e n  o r  h y d r o g e n  an d  f o r  Bermuda g r a s s  w i t h  40-60%.
B a r t o n  ( 1 0 )  n o t e d  t h a t  g e r m i n a t i o n  o f  r a d i s h  an d  r y e  s e e d  
was  d e l a y e d  when t h e y  w e re  t r e a t e d  w i t h  v a r i o u s  c o n c e n t r a -
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t i o n s  o f  HCH, H jS ,  NH^, ^ 2 * an<* ®®2 8a 8 e s  ^o r  v a r l ° us  
p e r i o d s  o f  t i m e .
B a r t o n  ( 1 2 ) ,  A n d e r s e n  ( 4 )  an d  M o r in a g a  (7 2 )  s t a t e d  t h a t  
among t h e  known m e th o d s  d e v i s e d  f o r  m a k in g  h a r d  s e e d  c o a t s  
p e r m e a b l e  a r e  m e c h a n i c a l  s c a r i f i c a t i o n ,  c o n c e n t r a t e d  s u l ­
f u r i c  a c i d ,  b o i l i n g  w a t e r  an d  s p e c i a l  t e m p e r a t u r e  t r e a t m e n t s .
Hamly ( 3 5 )  n o t e d  a  r e d u c t i o n  o f  s e e d  i m p e r m e a b i l i t y  i n  
s e e d  o f  sw e e t  c l o v e r  (M. a l b a )  and  r e d  c l o v e r  ( T .  p r a t e n s e )  
b y  i m p a c t i o n  o r  c r a c k i n g  t h e  s e e d  c o a t .  P o r t e r  (7 6 )  n o t e d  
t h a t  a s m a l l  s a m p le  o f  s e e d  o f  R a b i n i o  p s e u d o - A c a c i a  w h ich  
p r o d u c e d  o n l y  15% n o rm a l  s e e d l i n g  w i t h o u t  t r e a t m e n t s ,  when 
s h a k e n  f o r  20 m i n u t e s  i n  a g l a s s  b o t t l e  p r o d u c e d  90% n o rm a l  
s e e d l i n g s  i n  a  g e r m i n a t i o n  t e s t .  M a r t i n  ( 6 2 )  r e p o r t e d  t h a t  
a b r a s i o n  o f  s w e e t  p o t a t o  s e e d  r e s u l t e d  i n  a  h i g h e r  p e r c e n t ­
a g e  o f  g e r m i n a t i o n  t h a n  d i d  s u l f u r i c  a c i d  t r e a t m e n t .
£dmond an d  D r a p a l a  ( 2 8 )  r e p o r t e d  t h a t  m e c h a n i c a l  
s c a r i f i c a t i o n  o f  L o u i s i a n a  G reen  V e l v e t  f o r  \  m in u t e  
s i g n i f i c a n t l y  i n c r e a s e d  t h e  p e r c e n t a g e  o f  g e r m i n a t i o n ,  
n e i t h e r  i n c r e a s e d  n o r  d e c r e a s e d  t h e  p e r c e n t a g e  o f  g e r m i n a ­
t i o n  o f  M i s s i s s i p p i  S p i n e l e s s  an d  E m era ld  an d  s i g n i f i c a n t l y  
d e c r e a s e d  t h e  p e r c e n t a g e  o f  g e r m i n a t i o n  o f  Clemson S p i n e ­
l e s s  an d  P e r k i n s  S p i n e l e s s .  M e c h a n i c a l  s c a r i f i c a t i o n  f o r  
2 m i n u t e s  m a r k e d l y  r e d u c e d  t h e  p e r c e n t a g e  o f  g e r m i n a t i o n  o f  
a l l  v a r i e t i e s  e x c e p t  L o u i s i a n a  G reen  V e l v e t  ( 2 8 ) .
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P o r t e r  ( 7 6 )  n o t e d  t h a t  g e r m i n a t i o n  o f  s e e d s  o f  D a c t v e s i s  
g l e m e r a t a  was c o n s i d e r a b l y  a c c e l e r a t e d  by  s o a k i n g  t h e  s e e d s  
i n  w a t e r  an d  d r y i n g  them  p r i o r  t o  p l a c i n g  them  u n d e r  c o n d i ­
t i o n s  f a v o r a b l e  f o r  g e r m i n a t i o n .  Onwuene (7 5 )  fo u n d  t h a t  
o k r a  s e e d s  I n c u b a t e d  f o r  1 ^ h o u r s  i n  w a t e r  a t  t e m p e r a t u r e s  
r a n g i n g  f rom  4 0 - 8 0  C showed a c c e l e r a t i o n  o f  em ergence  
a t  t h e  45 C t r e a t m e n t .  I t  i s  s u g g e s t e d  t h a t  i n c u b a t i o n  o f  
t h e  s e e d s  a t  45 C f o r  1% h o u r s  b e f o r e  so w in g  c o u l d  a f f o r d  a 
p r a c t i c a l  means t o  a c c e l e r a t e  f i e l d  em erg en ce  o f  o k r a .
B le a k  an d  K e l l e r  (1 5 )  showed t h a t  s e v e r a l  s p e c i e s  o f  
f o r a g e  g r a s s e s  h a d  t h e i r  g e r m i n a t i o n , s e e d l i n g  e m erg en ce  
an d  i n i t i a l  r o o t  an d  s h o o t  e l o n g a t i o n  h a s t e n e d  by p r e p l a n t  
t r e a t m e n t  c o n s i s t i n g  o f  w e t t i n g  t h e  s e e d  a t  v a r i o u s  t e m p e r ­
a t u r e s  and  p e r i o d s .
K n o t t  ( 5 4 )  showed t h a t  t h e  e f f e c t  o f  s o a k i n g  on t h e  
t i m e  o f  g e r m i n a t i o n  v a r i e d .  S o a k in g  t h e  s e e d  o f  t o m a to e s  f o r  
24 h o u r s  i n  w a t e r  g a v e  t h e  same r a t e  o f  e m e rg e n ce  a s  d r y  s e e d ,  
w i t h  b e e t s  s o a k i n g  d e l a y e d  g e r m i n a t i o n  4 h o u r s  a n d  w i t h  
c a b b a g e  s o a k i n g  d e l a y e d  g e r m i n a t i o n  9 h o u r s .
Walhood ( 1 0 2 ) n o t e d  t h a t  t h e  t r e a t m e n t  o f  c o t t o n  s e e d  
w i t h  a h o t  w a t e r  t r e a t m e n t  a t  85 C f o r  1 m in u t e  i n c r e a s e d  
t h e  r a t e  an d  f i n a l  g e r m i n a t i o n  p e r c e n t a g e .  Edmond and  
D r a p a l a  (2 8 )  r e p o r t e d  t h a t  im m e rs io n  o f  o k r a  s e e d  i n  h o t  
w a t e r  ( 1 0 0 -1 3 0  F) n e i t h e r  I n c r e a s e d  n o r  d e c r e a s e d  t h e  p e r -
c e n t a g e  o f  g e r m i n a t i o n  o f  Clemson S p i n e l e s s ,  P e r k i n s  S p i n e ­
l e s s ,  M i s s i s s i p p i  S p i n e l e s s ,  E m era ld  a n d  L o u i s i a n a  G reen  
V e l v e t .
A n d e r s o n  et_ al^ ( 3 )  n o t e d  t h a t  s t r a t i f i c a t i o n  p ro m o te d  
s e e d  g e r m i n a t i o n  i n  some s p e c i e s .  I n  c o l d  s t r a t i f i c a t i o n ,  
t h e  s e e d s  i n  t h e  m o i s t u r e  h o l d i n g  s u b s t a n c e  w e re  k e p t  a t  
t e m p e r a t u r e s  s l i g h t l y  ab o v e  f r e e z i n g ,  w h e r e a s  i n  warm 
s t r a t i f i c a t i o n  t h e y  w e re  h e l d  a t  t e m p e r a t u r e s  s u i t a b l e  f o r  
g e r m i n a t i o n .  K e l l e r  (3 0 )  r e p o r t e d  t h a t  h o p s  s e e d  t r e a t e d  
a t  v a r i o u s  c o n t r o l l e d  t e m p e r a t u r e  l e v e l s  f o r  up t o  s i x  
weeks  i n  m o i s t  v e r m i c u l i t e  g e r m i n a t e d  s a t l s f a c t o r l y  when 
p l a n t e d  u n d e r  f a v o r a b l e  g r e e n h o u s e  c o n d i t i o n s .
B a r t o n  (1 1 )  an d  P o r t e r  (7 6 )  s t a t e d  t h a t  s u l f u r i c  a c i d  
h a s  l o n g  b e e n  em ployed  a s  an  a g e n t  f o r  t h e  t r e a t m e n t  o f  
im p e rm e a b le  s e e d s .  S t e i n b a u e r  ( 8 8 ) c o n c l u d e d  t h a t  t r e a t ­
m en t  o f  s w e e t  p o t a t o  s e e d  f o r  20  m i n u t e s  w i t h  c o n c e n t r a t e d  
s u l f u r i c  a c i d  i n c r e a s e d  g e r m i n a t i o n .  M a r t i n  (6 2 )  a l s o  
o b t a i n e d  a  much h i g h e r  p e r c e n t a g e  o f  s w e e t  p o t a t o  s e e d l i n g s  
u s i n g  a c i d  t r e a t m e n t .  R o g e r s  ( 8 0 )  h a s t e n e d  t h e  g e r m i n a t i o n  
o f  Amorpha n a n a  by  s e v e r a l  d a y s  and  I n c r e a s e d  t o t a l  g e r m i n ­
a t i o n  by s o a k i n g  t h e  s e e d s  i n  c o n c e n t r a t e d  s u l f u r i c  a c i d  f o r  
5 -7  m i n u t e s .  Brown an d  P o r t e r  (1 6 )  u s e d  c o n c e n t r a t e d  s u l ­
f u r i c  a c i d  f o r  30 m i n u t e s  on s e e d  o f  C o n v o l v u l u s  a r v e n s i s  L. 
t o  s o f t e n  p r a c t i c a l l y  a l l  o f  t h e  im p e rm e ab le  s e e d s .  J u s t i c e
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a n d  M arks  ( 4 8 )  r e d u c e d  t h e  I m p e r m e a b i l i t y  o f  s e e d  o f  L a t h v r u s  
h l r s u t u s  L .  f rom  7 0 % -ze ro  by  lo an e rs In g  t h e  s e e d  i n  c o n ­
c e n t r a t e d  s u l f u r i c  a c i d  f o r  1 h o u r .  MacDonald £ t  (59 )  
r e p o r t e d  t h a t  t h e  p r a c t i c e  o f  u s i n g  c o n c e n t r a t e d  s u l f u r i c  
a c i d  t o  rem ove l i n t  f rom  t h e  f u z z y  s e e d  o f  c o t t o n  r e s u l t e d  
i n  q u i c k e r  g e r m i n a t i o n ,  e a r l i e r  e m e rg en ce  an d  i n c r e a s e d  
y i e l d .  M o r in ag a  (7 2 )  fo u n d  t h a t  t r e a t m e n t  w i t h  s u l f u r i c  
a c i d  was e f f e c t i v e  i n  f o r c i n g  t h e  g e r m i n a t i o n  o f  Bermuda 
g r a s s  an d  c a t - t a i l  s e e d .
M a r t i n  (6 2 )  r e p o r t e d  t h a t  t r e a t m e n t  p e r i o d s  o f  1 5 ,  30 ,
4 5 ,  an d  60 m i n u t e s  w e re  u s e d  t o  t r e a t  s w e e t  p o t a t o  s e e d s  and  
t h a t  t h e  o v e r a l l  r e s u l t s  showed t h a t  a s o a k i n g  p e r i o d  o f  45 
m i n u t e s  r e s u l t e d  i n  a  h i g h e r  p e r c e n t a g e  o f  g e r m i n a t i o n  t h a n  
d i d  an y  o t h e r  p e r i o d  o f  t r e a t m e n t .
A n d e r s o n  et_ el^ ( 3 )  r e p o r t e d  t h a t  t r e a t m e n t  o f  o k r a  s e e d  
w i t h  50% s u l f u r i c  a c i d  was l e s s  e f f e c t i v e  t h a n  a w a t e r  t r e a t ­
m en t  i n  r e d u c i n g  t im e  t o  e m erg e n c e  and  i n  i n c r e a s i n g  g e rm ­
i n a t i o n  p e r c e n t a g e .  Edmond an d  D r a p a l a  ( 2 7 )  s t a t e d  t h a t  in  
g e n e r a l ,  im m ers io n  i n  s u l f u r i c  a c i d  r e d u c e d  t h e  t i m e  o f  
s e e d l i n g  e m e rg e n c e  o f  f i v e  v a r i e t i e s  o f  o k r a .  Edmond and  
D r a p a l a  ( 2 8 )  inanersed  s e e d  o f  f i v e  v a r i e t i e s  o f  o k r a  i n  
c o n c e n t r a t e d  s u l f u r i c  a c i d  f o r  1 ,  2 ,  an d  3 h o u r s  and  
o n l y  L o u i s i a n a  G reen  V e l v e t  showed m a rk ed  r e d u c t i o n  i n  t h e  
t i m e  an d  m arked  i n c r e a s e s  i n  p e r  c e n t  g e r m i n a t i o n  w i t h  t i m e
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o f  im m e rs io n .  J o h n s t o n  (46 )  r e p o r t e d  t h a t  o k ra  g e r m i n a t e d  
b e s t  a f t e r  3 h o u r s  ixmnersion i n  c o n c e n t r a t e d  s u l f u r i c  a c i d ,  
b u t  t h e r e  was no a p p r e c i a b l e  r e d u c t i o n  o f  g e r m i n a t i o n  even  
a f t e r  2 2 \  h o u r s .
Edmond and D r a p a l a  (2 7 )  o b s e r v e d  t h a t  o f  t h e  f i v e  
v a r i e t i e s  t e s t e d  t h e  r e d u c t i o n  i n  t im e  o f  s e e d l i n g  em er­
g e n c e  o f  L o u i s i a n a  Green  V e l v e t  was q u i t e  n o t i c e a b l e  and 
s u g g e s t e d  t h a t  t r e a t i n g  t h e  s e e d  o f  t h i s  v a r i e t y  m ig h t  be 
a d v a n t a g e o u s  u n d e r  p r a c t i c a l  c o n d i t i o n s .  L o u i s i a n a  Green  
V e lv e t  had  a h i g h  p e r c e n t a g e  o f  g e r m i n a t i o n  a t  a l l  immers­
io n  t r e a t m e n t s  a s  compared w i t h  t h e  c o n t r o l  (2 7 )  . The 
r e s u l t s  i n d i c a t e  t h a t  s o a k i n g  o f  t h e  s e e d  o f  s low  g e r m i n a t ­
in g  v a r i e t i e s  i n  c o n c e n t r a t e d  s u l f u r i c  a c i d  may prom ote  
h i g h  r a t e s  o f  s e e d l i n g  em ergence  and a h i g h  p e r c e n t a g e  o f  
g e r m i n a t i o n  ( 2 7 ) .
A nderson  e ^  £ l  (3 )  n o t e d  t h a t  f i e l d  o b s e r v a t i o n s  from 
a c e t o n e  t r e a t e d  s e e d  i n d i c a t e d  t h e  t h e  t r e a t m e n t  d i d  n o t  
a d v e r s e l y  i n f l u e n c e  t h e  s u b s e q u e n t  g ro w th  and  p r o d u c t i v i t y  
o f  t h e  p l a n t s .  Edmond and  D r a p a l a  (28)  s t a t e d  t h a t  immers­
io n  o f  o k ra  s e e d s  i n  a c e t o n e  f o r  20 -40  m i n u t e s  n e i t h e r  h a s t ­
e n e d  n o r  d e c r e a s e d  t h e  r a t e  o f  s e e d l i n g  em ergence  and  n e i t h e r  
i n c r e a s e d  n o r  d e c r e a s e d  t h e  p e r c e n t a g e  o f  g e r m i n a t i o n .
They a l s o  r e p o r t e d  t h a t  s o a k i n g  in  a c e t o n e  f o r  20 -40  m in u t e s  
s l i g h t l y  i n c r e a s e d  t h e  r a t e  o f  s e e d l i n g  em ergence  o f
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L o u i s i a n a  Green  V e l v e t ,  e s p e c i a l l y  a t  low t e m p e r a t u r e s  ( 2 7 ) .  
Edmond and  D r a p a l a  (26 )  showed t h a t  t h e  a c e t o n e  t r e a t m e n t  
f a i l e d  t o  s h o r t e n  t h e  t im e  o f  s e e d l i n g  em ergence  and  t o  
i n c r e a s e  t h e  p e r c e n t a g e  o f  g e r m i n a t i o n  o f  Clemson S p i n e l e s s  
s e e d .  G e r m in a t io n  o f  97% f o r  Clemson S p i n e l e s s  and 87% 
w i t h  L o u i s i a n a  G reen  V e l v e t  was a c h i e v e d  u s i n g  a c e t o n e  
t r e a t m e n t s  com bined w i t h  h i g h  t e m p e r a t u r e  l e v e l s  (27)♦
A nderson  e t  ^1  (3 )  n o t e d  t h a t  t r e a t m e n t  w i t h  e i t h e r  
w a t e r ,  95% a c e t o n e  o r  9570 e t h y l  a l c o h o l  s i g n i f i c a n t l y  r e ­
duced  t h e  t im e  r e q u i r e d  f o r  em ergence  from 5-9  days  and 
i n c r e a s e d  t h e  p e r c e n t a g e  o f  g e r m i n a t i o n  by a s  much a s  1 2 %.
The a l c o h o l  t r e a t m e n t ,  a l t h o u g h  p ro m o t in g  e a r l i e r  em ergence  
a s  com pared t o  u n t r e a t e d  s e e d ,  r e s u l t e d  i n  a lo w e r  p e r c e n t ­
a g e  o f  g e r m i n a t i o n  t h a n  t h e  a c e t o n e  t r e a t e d  s e e d  ( 3 ) .
A n derson  et^ £ l  (3 )  s t a t e d  t h a t  t r e a t m e n t s  w i t h  a c e t o n e  
a p p a r e n t l y  r e d u c e d  t h e  q u a n t i t y  o f  f a t t y  m a t e r i a l s  in  t h e  
s e e d  c o a t ,  w h ich  p r e v e n t s  t h e  a b s o r p t i o n  o f  s u f f i c i e n t  w a t e r ,  
t h u s  i n c r e a s i n g  t h e  p e r c e n t a g e  o f  g e r m i n a t i o n .
A n y th in g  t h a t  s p e e d s  up g e r m i n a t i o n  i s  l i k e l y  t o  i n c r e ­
a s e  t h e  ch a n ce  o f  s u c c e s s f u l  s t a n d  e s t a b l i s h m e n t ,  and g ro w th  
r e g u l a t o r s  may come t o  p l a y  a p a r t  in  s u c h  t r e a t m e n t s  ( 4 2 ) .  
Thomas (9 3 )  r e p o r t e d  t h a t  r e c e n t  r e s e a r c h  h a s  i n d i c a t e d  t h a t  
t h e  g e r m i n a t i o n  o f  s e e d s  o f  u m b e l l i f e r o u s  c r o p s  su ch  a s  
c e l e r y ,  p a r s l e y  and  p a r s n i p s  can  b e  im proved  by g ro w th
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r e g u l a t o r  t r e a t m e n t .  A m i x t u r e  o f  t h e  g i b b e r e l l i n s  and  
Ay w i t h  o t h e r  compounds c a n  im p ro v e  b o t h  t h e  r a t e  and  f i n a l  
p e r c e n t a g e  o f  g e r m i n a t i o n  o f  c e l e r y  s e e d s  r e s u l t i n g  i n  more 
u n i f o r m  c r o p  s t a n d s  ( 9 3 ) .  P u l s  and  L am be th  (7 7 )  n o t e d  t h a t  
s o a k i n g  s e e d  w i t h  g i b b e r e l l i c  a c i d  an d  k i n e t l n  c a n  i n c r e a s e  
g e r m i n a t i o n  an d  t h e  u s e  o f  a u x i n s  c a u s e d  b e n e f i c i a l  e f f e c t s  
on s e e d  g e r m i n a t i o n  o f  r a d i s h  and  o n i o n s .
Holm and  M i l l e r  ( 3 9 )  r e p o r t e d  t h a t  g i b b e r e l l i c  a c i d  and  
t h i o u r e a  w ere  shown t o  I n c r e a s e  t h e  g e r m i n a t i o n  o f  s e v e r a l  
weed s e e d s .  Thompson (9 4 )  s t a t e d  t h a t  c h e m i c a l  t r e a t m e n t s  
f a i l e d  t o  a c t  c o n s i s t e n t l y  o r  s u c c e s s f u l l y  i n  e x p e r i m e n t s  on 
s t r a w b e r r y  a c h e n e s  an d  t h e r e  was l i t t l e  t o  s u g g e s t  t h a t  
e i t h e r  t h i o u r e a  o r  g i b b e r e l l i c  a c i d  was l i k e l y  t o  p r o v i d e  a 
s i m p l e ,  e f f e c t i v e  m eans  o f  p r o m o t i n g  r a p i d  g e r m i n a t i o n .
W a r e in g  et^ (1 0 4 )  r e p o r t e d  t h a t  t r e a t m e n t s  o f  e x o g e n o u s  
GA3 and  k i n e t i n  i n c r e a s e d  t h e  g e r m i n a t i o n  o f  A c e r  sa c c h a ru m  
s e e d s .  GA3 an d  k i n e t i n  c a n  r e p l a c e  t h e  l i g h t  r e q u i r e m e n t  
f o r  g e r m i n a t i o n  i n  a w id e  r a n g e  o f  s e e d  s p e c i e s  ( 1 0 4 ) .
Khan ( 5 2 )  n o t e d  t h a t  c y t o k i n l n s  o p p o se d  t h e  e f f e c t s  o f  
i n h i b i t o r s  i n  g e r m i n a t i o n  s i n c e  k i n e t i n  b r o k e  t h e  dorm ancy  
o f  t h e  u p p e r  d o rm a n t  s e e d  o f  X an th iu m  by  p r o b a b l y  p e n e t r a t ­
i n g  t h e  s e e d  c o a t  an d  n e u t r a l i z i n g  t h e  I n h i b i t o r s  p r e s e n t  i n
t h e  em bryo .  K e t r i n g  an d  Morgan ( 5 1 )  r e p o r t e d  t h a t  k i n e t i n
- 4  -5
a t  c o n c e n t r a t i o n s  o f  10 M an d  5 X 10 M s t i m u l a t e d  t h e
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g e r m i n a t i o n  o f  d o rm an t  p e a n u t  s e e d s  a b o v e  t h e  w a t e r  c o n t r o l  
c h e c k s .  M i l l e r  (6 9 )  s t a t e d  t h a t  k i n e t i n  s e n s i t i z e s  t h e  
l i g h t - r e q u i r i n g  l e t t u c e  s e e d  so  t h a t  t h e y  g e r m i n a t e  w i t h  a 
s m a l l e r  d o s e  o f  l i g h t  t h a n  i s  n o r m a l l y  r e q u i r e d .  Ikuma and  
Thimann ( 4 3 )  r e p o r t e d  t h a t  c y t o k l n i n s  by  t h e m s e l v e s  do n o t  
h a v e  an y  p r o f o u n d  e f f e c t  on s e e d  g e r m i n a t i o n .
Thompson an d  K o s a r  ( 9 7 )  an d  Thompson an d  Horn (9 6 )  h a v e  
shown t h a t  t h e  p e r c e n t a g e  o f  g e r m i n a t i o n  o f  l e t t u c e  can  be 
i n c r e a s e d  by  t r e a t i n g  i t  w i t h  a  d i l u t e  (0 .5% ) s o l u t i o n  o f  
t h i o u r e a .  Tukey an d  C a r l s o n  (1 0 0 )  h a v e  r e p o r t e d  on i n v e s t ­
i g a t i o n s  w h ic h  show t h a t  t h e  g e r m i n a t i o n  o f  p e a c h  s e e d  i s  
a i d e d  by t r e a t m e n t  w i t h  t h i o u r e a .  A 0.25% s o l u t i o n  i s  
op t im um , b u t  c o n c e n t r a t i o n s  r a n g i n g  f rom  0 . 1 - 0 .5% p r o v e d  t o  
b e  e q u a l l y  e f f e c t i v e .  Thompson (9 5 )  t r e a t e d  e n d i v e  s e e d  f o r  
4 ,  8 , 1 6 ,  an d  24 h o u r s  i n  a 0.5% s o l u t i o n  o f  t h i o u r e a  and 
fo u n d  t h a t  g e r m i n a t i o n  c a n  be  g r e a t l y  I n c r e a s e d .  E n d iv e  
s e e d  t r e a t e d  w i t h  0.5% s o l u t i o n  o f  t h i o u r e a  f o r  v a r i o u s  
p e r i o d s  a t  18 an d  25 C an d  t h e n  t h o r o u g h l y  d r i e d ,  showed a 
v e r y  s i g n i f i c a n t  I n c r e a s e  i n  g e r m i n a t i o n  a t  30 C ( 9 5 ) .
Thompson an d  K o s a r  (9 7 )  showed t h a t  t h i o u r e a  was t h e  m o s t  
g e n e r a l l y  e f f e c t i v e  m a t e r i a l  i n  p r o m o t i n g  g e r m i n a t i o n  o f  
d o rm a n t  l e t t u c e  s e e d .  T h i o u r e a  a t  0.5% c o n c e n t r a t i o n  
r e s u l t e d  i n  some s t i m u l a t i o n  o f  g e r m i n a t i o n .  German and  
B a r t o n  ( 3 1 )  n o t e d  t h a t  s e v e r a l  v a r i e t i e s  o f  l e t t u c e  s e e d
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w h i c h  w e re  s o a k e d  i n  0.5% an d  1.0% t h i o u r e a  s o l u t i o n s  d i s ­
p l a y e d  a g r a d u a l  i n c r e a s e  In  g e r m i n a t i o n  p e r c e n t a g e s .
D a v i e s  e t ,  al_ (2 4 )  n o t e d  t h a t  a s c o r b i c  a c i d  a t  low 
c o n c e n t r a t i o n s  s t i m u l a t e d  t h e  g e r m i n a t i o n  an d  g r o w th  o f  o a t s ,  
c r e s s  an d  m u s t a r d  s e e d l i n g s .  R i e s  et_ (7 9 )  r e p o r t e d  t h a t  
n e i t h e r  s e e d  n o r  s o i l  t r e a t m e n t s  i n c r e a s e d  g e r m i n a t i o n  o r  
y i e l d  o f  c r o p s  i n  t h e  f i e l d  when t r e a t e d  w i t h  t r i a c o n t a n o l . 
T a k a y a n a g i  an d  H a r r i n g t o n  (9 0 )  showed t h a t  e t h y l e n e  t r e a t e d  
s e e d s  g e r m i n a t e d  q u i c k e r  t h a n  t h e  n o n t r e a t e d  s e e d  o f  r a p e  
( B r a s s l e a  n a p u s ) , a l t h o u g h  t h e  p e r c e n t a g e  o f  t h o s e  s e e d s  
w h ic h  g e r m i n a t e d  was n o t  s i g n i f i c a n t l y  im p ro v ed .
Ranney ( 7 8 )  r e p o r t e d  t h a t  r e s u l t s  w i t h  c o t t o n  I n d i c a t e  
t h a t  t h e  u s e  o f  any  s e e d  p r o t e c t a n t  f u n g i c i d e  s i g n i f i c a n t l y  
i n c r e a s e d  s e e d l i n g  s u r v i v a l  u n d e r  f i e l d  c o n d i t i o n s .  M in to n  
(7 0 )  n o t e d  t h a t  a t  s t a n d a r d  g e r m i n a t i o n  t e m p e r a t u r e s  o f  20 -  
30 C, t h e  p e r  c e n t  g e r m i n a t i o n  o f  c o t t o n  s e e d s  was n o t  
i n c r e a s e d  by t r e a t m e n t s  w i t h  s e e d  p r o t e c t a n t s  a s  com pared  t o  
u n t r e a t e d  c h e c k s .
Seay  and  West ( 8 5 )  r e p o r t e d  an  i n c r e a s e  i n  t h e  g e r m i n a ­
t i o n  o f  g a r d e n  p e a s  when s e e d s  w ere  t r e a t e d  w i t h  t h e  s e e d  
p r o t e c t a n t  S p e r g o n . C l a y t o n  (2 1 )  s t a t e d  t h a t  Clemson S p i n e ­
l e s s  s e e d  t r e a t e d  w i t h  C e r e s a n  o r  S p e rg o n  r e s u l t e d  i n  a 
s i g n i f i c a n t  i n c r e a s e  i n  s t a n d .  P r e l i m i n a r y  t e s t  showed t h a t  
t r i b a s i c  c o p p e r  s u l f a t e ,  C u p r o c i d e ,  z i n c  o x i d e ,  Phygon ,  Seed
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D i s i n f e c t a n t s  5 an d  6 an d  S p e r g e n e x  w ere  n o t  v e r y  p r o m i s i n g  
a s  p r o t e c t a n t s  f o r  o k r a  s e e d  ( 2 1 ) .
F o s t e r  ( 2 9 )  r e p o r t e d  t h a t  t h e  r e s u l t s  o f  t e s t s  o f  s e e d s  
t r e a t e d  w i t h  c u p r o u s  o x i d e  an d  c o p p e r  s u l f a t e  showed t h a t  
t h e  g e r m i n a t i o n  o f  b e e t ,  e g g p l a n t ,  p e p p e r  an d  s p i n a c h  was 
i n c r e a s e d  o r  h a s t e n e d  by t r e a t m e n t s .  But t h e  g e r m i n a t i o n  
o f  c a b b a g e ,  cucum ber  an d  pea  s e e d  was r e t a r d e d  by t h e  same 
t r e a t m e n t s .
A l b r e c h t  ( 1 )  o b s e r v e d  t h a t  t h e  a d d i t i o n  o f  c a l c i u m  
c h l o r i d e  a l o n g  w i t h  f e r t i l i z e r  im p ro v ed  t h e  g e r m i n a t i o n  o f  
t o m a t o  s e e d s .  T o o le  ( 9 9 )  n o t e d  t h a t  t h e  b u b l e t s  o f  b u l b o u s  
b l u e g r a s s  g e r m i n a t e d  b e s t  when t r e a t e d  w i t h  p o t a s s i u m  n i t r a t e  
a n d  h e l d  a t  a  c o n s t a n t  5 C. F r e d  ( 3 0 )  s t a t e d  t h a t  n i t r o g e n ­
o u s  s u b s t a n c e s  do n o t  s e r i o u s l y  i n j u r e  s e e d  g e r m i n a t i o n  u n ­
l e s s  u s e d  i n  v e r y  h i g h  q u a n t i t i e s .
B a r t o n  (9 )  o b s e r v e d  t h a t  t h e  g e r m i n a t i o n  o f  e lm  s e e d s  
w as  I n c r e a s e d  by v a r i o u s  c o n c e n t r a t i o n s  o f  p o t a s s i u m  a l p h a  
n a p t h a l e n a c a t a t e . But s o a k i n g  i n  s o l u t i o n s  o f  p o t a s s i u m  
a l p h a  n a p t h a l e n a c e t a t e  a t  v a r i o u s  c o n c e n t r a t i o n s  f a i l e d  t o  
I n c r e a s e  t h e  r a t e  o r  p e r c e n t a g e  o f  g e r m i n a t i o n  o f  s e v e r a l  
o t h e r  s p e c i e s  o f  n o n - d o r m a n t  s e e d  ( 8 ) .
G e r m i n a t i o n  o f  s e e d s  o f  b l a c k  an d  r e d  r a s p b e r r i e s  an d  
b l a c k b e r r i e s  may be  im p ro v e d  by g i v i n g  them  s p e c i a l  t r e a t ­
m e n t  p r i o r  t o  a f t e r - r i p e n i n g  ( 8 4 ) .  S o a k in g  t h e  s e e d s  i n  a
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1 . 0% so d iu m  h y p o c h l o r i t e  s o l u t i o n  was h e l p f u l  I n  I n c r e a s i n g  
t h e  p e r c e n t a g e  o f  g e r m i n a t i o n .  S c o t t  a n d  I n k  ( 6 3 )  o b s e r v e d  
t h a t  t r e a t m e n t  o f  s t r a w b e r r y  s e e d  w i t h  sod ium  h y p o c h l o r i t e  
r e s u l t e d  i n  t h e  g e r m i n a t i o n  o f  75-90% o f  t h e  s e e d .  I n  a n ­
o t h e r  t e s t  t h e  s o a k i n g  o f  b l u e b e r r y  s e e d  i n  so d iu m  h y p o ­
c h l o r i t e  f o r  4 o r  8  h o u r s ,  g av e  n o  s i g n i f i c a n t  d i f f e r e n c e  
i n  g e r m i n a t i o n  b e tw e e n  t h e  t r e a t e d  and  u n t r e a t e d  s e e d  ( 8 3 ) .
C h i l t o n  and  G a r b e r  ( 2 0 )  o b s e r v e d  t h a t  t r e a t m e n t  o f  
s m a l l  s e e d e d  legum es  w i t h  m e r c u r y  c h l o r i d e ,  z i n c  o x i d e ,  
c u p r o u s  o x i d e  and  o r g a n i c  s u l f u r  compounds i n c r e a s e d  t h e i r  
s t a n d  s i g n i f i c a n t l y .
S a r i c  and  S a c i r a g i c  (8 1 )  d i s c o v e r e d  t h a t  o a t  s e e d s  
t r e a t e d  w i t h  m i c r o n u t r i e n t  s o u l t i o n  o f  H3 BO3 , CoSO^ and  
CuSO^ showed no  m ark ed  e f f e c t  on s e e d  g e r m i n a t i o n ,  b u t  d i d  
i n f l u e n c e  t i l l e r i n g  r a t e ,  p a n i c l e  l e n g t h  an d  p l a n t  h e i g h t .
G o p a l  an d  Rao (3 3 )  s t a t e d  t h a t  t h e  s e e d  o f  g r o u n d n u t  when 
t r e a t e d  w i t h  25 ppm b o r o n  s o l u t i o n  g e r m i n a t e d  more q u i c k l y  
t h a n  t h e  s e e d  w h ic h  w e re  u n t r e a t e d .
J o h n s o n  et_ f i l  (4 7 )  showed t h a t  s o y b e a n  s e e d  w h ich  w e re  
s u b j e c t e d  t o  v a r i o u s  s o u r c e s  o f  m olybdenum, s u c h  a s  ammonium 
m o l y b d a t e ,  m o ly b d l c  a c i d ,  sod ium  m o l y b d a t e  an d  Moly G ro ,  
showed n o  l o s s  o f  g e r m i n a t i o n  a f t e r  s t o r a g e  f o r  one  y e a r .
Loo an d  Tang (5 8 )  showed t h a t  i n  c o n c e n t r a t i o n s  w h ic h  
r a n g e d  f ro m  1 -5 0  mg / 1  m a n g an ese  s u l f a t e  i n c r e a s e d  t h e  g e rm -
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l n a t i o n  p e r c e n t a g e  o f  r i c e .  M anganese  s u l f a t e  i n  c o n c e n t r a ­
t i o n s  o f  10 and  10~?M a c c e l e r a t e d  t h e  r a t e  an d  i n c r e a s e d  
t h e  p e r c e n t a g e  o f  g e r m i n a t i o n  o f  mungo b e a n s  ( 5 8 ) .  Loo and  
T ang  (5 8 )  a l s o  r e p o r t e d  t h a t  m an g an ese  s u l f a t e  a t  c o n c e n t r a ­
t i o n s  a s  h i g h  a s  1 0 *^M a c c e l e r a t e d  t h e  g e r m i n a t i o n  o f  ca b b ag e  
s e e d .
In  o r d e r  t o  o b t a i n  good em erg en ce  t h e  g ro w e r  m us t  f i r s t  
o f  a l l  s t a r t  w i t h  s e e d  o f  good g e r m i n a t i o n .  Thus t h e  m o d e m  
g e r m i n a t i o n  t e s t ,  w i t h  i t s  d e t a i l e d  e v a l u a t i o n  o f  i n d i v i d u a l  
s e e d l i n g s ,  r e m a i n s  an  e s s e n t i a l  s t e p  i n  c r o p  p r o d u c t i o n  ( 1 3 ) .  
Seed  q u a l i t y  e v a l u a t i o n  and  c o n t r o l  i s  one  p h a s e  o f  s e e d  
s c i e n c e  an d  t e c h n o l o g y .  I n  t h e  b r o a d e r  s e n s e ,  i t  i s  an  
a r e a  c o n c e r n i n g  s e e d  p r o d u c t i o n ,  h a r v e s t i n g ,  p r o c e s s i n g ,  
t r e a t m e n t  an d  s t o r a g e .  F u t u r e  p r o g r e s s  i s  s e e d  s c i e n c e  
dem ands c o n t i n u e d  c o o r d i n a t i o n  o f  o b j e c t i v e s  and  e f f o r t s  
b e t w e e n  t h e s e  d i s c i p l i n e s  ( 4 4 ) .
MATERIALS AND METHODS 
The u s e  o f  s c a r l f t e s t i o n ,  c h e m i c a l s ,  p l a n t  g ro w th  
r e g u l a t o r s ,  m i c r o n u t r i e n t  e l e m e n t s ,  an d  s t o r a g e  t e m p e r a t u r e s  
an d  p e r i o d s  w ere  t e s t e d  t o  d e t e r m i n e  t h e  e f f e c t  o f  them on 
t h e  g e r m i n a t i o n  o f  o k r a .  I n  t h e s e  g e r m i n a t i o n  t e s t s  t h e  
v a r i e t i e s  L o u i s i a n a  G re en  V e l v e t ,  C lemson S p i n e l e s s ,  Gold 
C o a s t  a n d  E m e r a ld  w e re  u s e d .  The m eth o d  o f  g e r m i n a t i o n  
t e s t i n g  was t h e  G r i d  T e s t  a s  d e s i g n e d  by V i d r i n e  ( 1 0 1 ) .  The 
g r i d  was c o n s t r u c t e d  o f  0 . 6  cm g a l v a n i z e d  w i r e  mesh 2 0 .3  cm 
X 3 0 . 5  cm. T h i s  was t h e n  c o v e r e d  w i t h  a  d o u b le  l a y e r  o f  
m o i s t e n e d  g e r m i n a t i o n  p a p e r  a n d  a s i n g l e  l a y e r  o f  wax p a p e r  
t o  t h e  o u t s i d e  by p l a c i n g  one e n d  o f  t h e  p a p e r  com plex  n e a r  
t h e  ed g e  o f  t h e  w i r e  g r i d  an d  f o l d i n g  t h e  p a p e r  a r o u n d  t h e  
w i r e  t o  t h e  o t h e r  s i d e  so  t h a t  t h e  e d g e s  o f  t h e  p a p e r  com plex  
w ere  a l i g n e d .  The l a y e r  o f  wax p a p e r  and  one l a y e r  o f  germ* 
i n a t i o n  p a p e r  w e re  f o l d e d  b a c k  an d  t h e  s e e d s  w ere  p l a c e d  in  
a s i n g l e  row a p p r o x i m a t e l y  5 cm f ro m  t h e  t o p  o r  op en  en d  o f  
t h e  p a p e r  co m p lex .  The wax p a p e r  an d  s i n g l e  l a y e r  o f  ge rm ­
i n a t i o n  p a p e r  w e re  t h e n  f o l d e d  b a c k  t o  t h e  o r i g i n a l  p o s i t i o n  
so  a s  t o  c o v e r  t h e  s e e d s .  The e n t i r e  p a p e r  com plex  an d  s e e d s  
w e re  h e l d  I n  p l a c e  w i t h  3 r u b b e r  b a n d s  t i e d  t o g e t h e r  an d  
a t t a c h e d  on e i t h e r  s i d e  o f  t h e  w i r e  g r i d  o n t o  t h e  p r o t r u d ­
i n g  w i r e  e n d s .  The r u b b e r  b a n d s  w e re  p l a c e d  so  a s  t o  h o l d
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t h e  s e e d s  e n d  n o t  p u t  undue s t r e s s  on t h e  s e e d s  w h i l e  ge rm ­
i n a t i n g  . A a d d i t i o n a l  s e t  o f  r u b b e r  b a n d s  was p l a c e d  n e a r  
t h e  t o p  o f  t h e  g r i d  t o  h o l d  t h e  p a p e r  com plex  i n  p l a c e  an d  
t h u s  r e t a i n  m o i s t u r e  f o r  t h e  e l o n g a t i n g  s e e d l i n g s .  Twenty 
f i v e  s e e d s  w ere  " p l a n t e d "  p e r  r e p l i c a t i o n  and  two r e p l i c a ­
t i o n s  w e re  p l a c e d  on e a c h  g r i d  co m p le x ,  one  on e a c h  s i d e .
A f t e r  t h e  s e e d s  w e re  p l a n t e d  an d  s e c u r e d ,  t h e  g r i d  com plex  
was p l a c e d  i n  an  u p r i g h t  p o s i t i o n  i n t o  a  r e c t a n g u l a r  box 
(1 3  i n c h e s  X 10 i n c h e s  X 4 I n c h e s )  f i l l e d  t o  a d e p t h  o f  
a p p r o x i m a t e l y  5 cm w i t h  t a p  w a t e r .  T h e se  w e re  t h e n  p l a c e d  
i n  a  h o t  p a c k  i n c u b a t o r  w h ic h  was p r e - s e t  a t  a  c o n s t a n t  
t e m p e r a t u r e  o f  30 C i n  t h e  d a r k .  A f t e r  f i v e  d ay s  t h e  p e r  
c e n t  g e r m i n a t i o n ,  t o t a l  l e n g t h ,  r o o t  l e n g t h  an d  s h o o t  l e n g t h  
w e re  m e a s u r e d  and  r e c o r d e d .
The e x p e r i m e n t s  w ere  r u n  u n d e r  r a n d o m iz e d  c o m p l e t e  
b l o c k  d e s i g n  w i t h  f o u r  r e p l i c a t i o n s  p e r  t r e a t m e n t  and  
t w e n t y  f i v e  s e e d  p e r  r e p l i c a t i o n .
The m e c h a n i c a l  s c a r i f i c a t i o n  t e s t  was c o n d u c t e d  w i t h  
t h e  a i d  o f  a Burrow s  E q u ip m e n t  Company s e e d  s c a r i f i e r  M odel:  
S t y l e  315P102-A e q u l p e d  w i t h  # 6 0 - ^  f l o o r  s a n d i n g  p a p e r .  The 
s e e d  w e re  t r e a t e d  f o r  t h e  f o l l o w i n g  t im e  i n t e r v a l s :  0  ( c k ) ,
5 ,  1 0 ,  1 5 ,  3 0 ,  6 0 ,  a n d  120 s e c o n d s .  F o l l o w i n g  t h e  t r e a t ­
m e n t  t h e  s e e d  w e re  t e s t e d  f o r  g e r m i n a t i o n .
The a c i d  s c a r i f i c a t i o n  was a c c o m p l i s h e d  by a l l o w i n g  t h e
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s e e d  t o  s o a k  i n  c o n c e n t r a t e d  s u l f u r i c  a c i d  (93 .1% ) f o r  
t h e  f o l l o w i n g  p e r i o d s  o f  t i m e :  0  ( c k ) ,  1 , 2 , 3 ,  1 0 , 15 ,  2 0 ,
3 0 ,  6 0 ,  a n d  120 m i n u t e s .  A f t e r  t r e a t m e n t  t h e  s e e d  w ere  
w a s h e d  f o r  a p p r o x i m a t e l y  10  m i n u t e s  w i t h  t a p  w a t e r  and  t h e n  
b l o t t e d  d r y  a n d  t e s t e d  f o r  g e r m i n a t i o n .
The t h i o u r e a  t e s t  c o n s i s t e d  o f  s o a k i n g  t h e  s e e d  i n  20 ml 
o f  0.5% s o l u t i o n  o f  t h i o u r e a  f o r  0 ( c k ) ,  2 ,  4 ,  8 , 16 ,  and  24 
h o u r s .  A f t e r  t r e a t m e n t  f o r  t h e  d e s i r e d  t im e  i n t e r v a l s  t h e  
s e e d s  w e re  d r a i n e d  and  a l l o w e d  t o  s u r f a c e  d r y  an d  t h e n  s e t  
up  f o r  t h e  g e r m i n a t i o n  d e t e r m i n a t i o n .
F o r  t h e  a c e t o n e  and  e t h a n o l  t e s t  t h e  s e e d  w ere  s o a k e d  
i n  20 ml o f  95% a c e t o n e  an d  957. e t h a n o l  f o r  t h e  f o l l o w i n g  
t im e  i n t e r v a l s :  0 ( c k ) ,  1 ,  2 ,  5 ,  10 ,  1 5 ,  2 0 ,  30 ,  6 0 ,  and
120 m i n u t e s .  A f t e r  t r e a t m e n t  t h e  s e e d  w e re  d r a i n e d  and  
a l l o w e d  t o  a i r  d r y  b e f o r e  g e r m i n a t i o n  t e s t s  w ere  c o n d u c t e d .
The t r i a c o n t a n o l  t e s t  was s e t  up a t  I ,  2 ,  and  4 ppm 
t r l a c o n t a n o l .  The t r i a c o n t a n o l  s o l u t i o n s  w e re  made by 
d i s s o l v i n g  t h e  t r i a c o n t a n o l  i n  10  ml o f  d l c h l o r o m e t h a n e  and  
t h e n  b r o u g h t  t o  vo lum e w i t h  w a t e r  i n  a  l i t e r  v o l u m e t r i c  
f l a s k .  The s e e d  w ere  s o a k e d  i n  25 ml o f  t h e  d e s i r e d  s o l u t ­
i o n  c o n c e n t r a t i o n  f o r  % h o u r ,  t h e n  d r a i n e d  a n d  a l l o w e d  t o  
a i r  d r y  b e f o r e  t h e  g e r m i n a t i o n  t e s t  was c o n d u c t e d .  The 
c h e c k s  c o n s i s t e d  o f  a  s t a n d a r d  c h e c k  o f  no s e e d  t r e a t m e n t  
an d  a  c h e c k  c o n s i s t i n g  o f  1 0  ml o f  d l c h l o r o m e t h a n e  b r o u g h t
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t o  vo lum e  w i t h  w a t e r  i n  a  l i t e r  v o l u m e t r i c  f l a s k  o r  t h e  
c h e c k  +  d l c h l o r o m e t h a n e .
The g i b b e r e l l i c  a c i d  ( p o t a s s i u m  s a l t )  t e s t  c o n s i s t e d  o f  
v a r i o u s  c o n c e n t r a t i o n s :  0 ( c k ) ,  100 ,  5 0 0 ,  a n d  1000 ppm and
v a r i o u s  s o a k i n g  t i m e s  o f  2 ,  4 ,  8 , a n d  12 h o u r s .  The s e e d  
w e re  s o a k e d  i n  2 0  ml o f  t h e  d e s i r e d  c o n c e n t r a t i o n  f o r  t h e  
d e s i r e d  p e r i o d  o f  t i m e .  Then t h e  s e e d  w ere  d r a i n e d  and  
a l l o w e d  t o  a i r  d r y  an d  t e s t e d  f o r  g e r m i n a t i o n .
The k i n e t i n  t e s t  was s i m i l a r  t o  t h e  g i b b e r e l l i c  a c i d  
t e s t  e x c e p t  t h e  c o n c e n t r a t i o n s  u s e d  w e re :  0 ( c k ) ,  0 + . 1NHC1
( a c i d  c h e c k ) ,  10 ,  5 0 ,  an d  100 ppm. The s o l u t i o n s  were  made 
by  f i r s t  d i s s o l v i n g  t h e  k i n e t i n  i n  0 .1N HC1 and  t h e n  b r i n g ­
i n g  i t  t o  vo lum e i n  one  l i t e r  w i t h  w a t e r .  The s e e d  w ere  
s o a k e d  i n  t h e s e  v a r i o u s  c o n c e n t r a t i o n s  f o r  2 ,  4 ,  8 , and  12 
h o u r s  an d  t h e n  d r a i n e d  an d  a l l o w e d  t o  a i r  d r y  and  i m m e d i a t e l y  
t e s t e d  f o r  g e r m i n a t i o n .
The m i c r o n u t r i e n t  e l e m e n t  t e s t  c o n s i s t e d  o f  s e v e r a l  
com pounds:  MnS0^*H20 ,  NaSO^, C oS0^ '7H 20 ,  M0O3 , ZnS0 4 *5H20 ,
Na2B ^ 0 y *10H20 , an d  CuS0^*5H20 a t  c o n c e n t r a t i o n s  o f  0 . 1 ,  1 . 0 ,  
a n d  10 .0% . The s e e d  w e re  s o a k e d  i n  20 ml o f  t h e s e  s o l u t i o n s  
f o r  a  p e r i o d  o f  2 h o u r s  an d  t h e n  d r a i n e d  an d  a l l o w e d  t o  a i r  
d r y  an d  i m m e d i a t e l y  t e s t e d  f o r  g e r m i n a t i o n .  T h e r e  w ere  two 
c h e c k s  i n  t h i s  t e s t ,  a  d r y  c h e c k  o r  no t r e a t m e n t  an d  a w e t  
c h e c k  o r  a  2 h o u r  s o a k  i n  2 0  ml o f  w a t e r .
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I n  t h e  s t o r a g e  t e m p e r a t u r e  t e s t  t h e  s e e d  w ere  s u b j e c t e d  
t o  c o n s t a n t  5 C ( c k ) ,  c o n s t a n t  25 C, a l t e r n a t i n g  10 /35  C and  
a l t e r n a t i n g  2 5 /3 5  C f o r  v a r i o u s  p e r i o d s  o f  t im e  s u c h  a s :  1,
2 ,  4 ,  6 , 8 , 12 ,  an d  16 w e e k s .  The s e e d s  w ere  k e p t  i n  p e t r i  
d i s h e s  i n  c o m p l e t e  d a r k n e s s  an d  a f t e r  e a c h  s t o r a g e  p e r i o d  
t h e  s e e d  w e re  rem oved  f rom  t h e  p e t r i  d i s h  c a n s  an d  t e s t e d  
f o r  g e r m i n a t i o n .  The t r e a t m e n t s  w i t h  a l t e r n a t i n g  t e m p e r a ­
t u r e s  w e re  i n  a  12  h o u r  d ay  c y c l e  o r  h i g h e r  t e m p e r a t u r e  and 
12 h o u r  n i g h t  c y c l e  o r  lo w e r  t e m p e r a t u r e .
The d a t a  was a n a l y z e d  u s i n g  t h e  S t a t i s t i c a l  A n a l y s i s  
S y s tem  (SAS) w i t h  an  A n a l y s i s  o f  V a r i a n c e  i n  t h e  g e n e r a l  
l i n e a r  m ode l  p r o c e d u r e  ( 5 ) .  The means w e re  a l s o  t e s t e d  
f o r  s i g n i f i c a n c e  u s i n g  D u n c a n ' s  New m u l t i p l e  Range T e s t  and  
T u k e y ' s  w p r o c e d u r e  f o r  h sd  ( 8 7 ) .
RESULTS AND DISCUSSION 
T e s t s  w ere  c o n d u c te d  t o  d e t e r m in e  t h e  e f f e c t s  o f  
s c a r i f i c a t i o n ,  t r e a t m e n t  w i t h  c h e m i c a l s ,  g row th  r e g u l a t o r s ,  
m l c r o n u t r l e n t  e l e m e n t s  and s t o r a g e  t e m p e r a t u r e  and  p e r i o d s  
on t h e  g e r m i n a t i o n  o f  o k r a .  The v a r i e t i e s  L o u i s i a n a  Green  
V e l v e t ,  Clemson S p i n e l e s s ,  Gold C o a s t  and Em era ld  were  u sed  
i n  c o n d u c t i n g  t h e s e  g e r m i n a t i o n  t e s t .
The e f f e c t  o f  m e c h a n i c a l  s c a r i f i c a t i o n  on t h e  g e r m in a ­
t i o n  o f  o k r a  a r e  shown i n  F i g u r e  1. T h e re  e x i s t e d  h i g h l y  
s i g n i f i c a n t  d i f f e r e n c e s  among a l l  v a r i e t i e s  and t r e a t m e n t  
t i m e s .  L o u i s i a n a  Green  V e lv e t  showed t h e  b e s t  r e s p o n s e  t o  
m e c h a n i c a l  s c a r i f i c a t i o n ,  w i t h  t h e  o n ly  s i g n i f i c a n t  d i f f e r ­
e n c e  o c c u r i n g  a t  t h e  120 second  t r e a t m e n t  p e r i o d .  T here  
w ere  no d i f f e r e n c e s  be tw een  t h e  ch eck  and any  o t h e r  t r e a t ­
m ent  p e r i o d .  The p e r  c e n t  g e r m i n a t i o n  ran g ed  from 75% f o r  
t h e  c h e c k  t o  40% f o r  t h e  120 second  t r e a t m e n t .  Edmond and 
D r a p a l a  ( 28 ) r e p o r t e d  t h a t  m e c h a n i c a l  s c a r i f i c a t i o n  o f  
L o u i s i a n a  Green  V e l v e t  f o r  \  m in u te  s i g n i f i c a n t l y  i n c r e a s e d  
t h e  p e r  c e n t  g e r m i n a t i o n .  T h i s  i s  n o t  t h e  c a s e  h e r e  a s  
p r e v i o u s l y  s t a t e d  t r e a t m e n t  f o r  30 s e co n d s  was n o t  s i g n i f i ­
c a n t l y  d i f f e r e n t  f rom t h a t  o f  t h e  c h e c k .  The r e s u l t s  
o b t a i n e d  w i t h  Clemson S p i n e l e s s ,  Gold C o a s t  an d  Em era ld  a r e  
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Figure The effect of mechanical scarification on the germination of 




(2 8 )  t h a t  m e c h a n i c a l  s c a r i f i c a t i o n  s i g n i f i c a n t l y  d e c r e a s e d  
t h e  p e r  c e n t  g e r m i n a t i o n .  W ith  t h e s e  v a r i e t i e s  t h e r e  was a  
g r a d u a l  d e c r e a s e  i n  p e r  c e n t  g e r m i n a t i o n  a s  t h e  t r e a t m e n t  
t im e  i n c r e a s e d .  Clemson S p i n e l e s s  had a  r a n g e  o f  57% f o r  
t h e  ch e c k  and 40% f o r  t h e  120 second  t r e a t m e n t ,  w i t h  E m era ld  
h a v i n g  a  r a n g e  o f  61% f o r  t h e  ch e ck  and 14% f o r  t h e  120 
se co n d  t r e a t m e n t .  Gold c o a s t  showed t h e  lo w e s t  g e n e r a l  
g e r m i n a t i o n  p e r c e n t a g e  w i t h  a  r a n g e  o f  30% f o r  t h e  check  
and a  low o f  4% f o r  t h e  120 se c o n d  t r e a t m e n t .
O v e r a l l  L o u i s i a n a  Green V e l v e t  was s u c e s s f u l l y  s c a r i f i e d  
by  m e c h a n i c a l  means w i t h o u t  r e d u c i n g  t h e  g e r m i n a t i o n  p e r ­
c e n t a g e .  M e c h a n ic a l  s c a r i f i c a t i o n  f o r  2 m i n u t e s  m a rk e d ly  
r e d u c e d  t h e  p e r  c e n t  g e r m i n a t i o n  o f  a l l  v a r i e t i e s  t e s t e d  
e x c e p t  L o u i s i a n a  G reen  V e l v e t  ( 2 8 ) .  B u t  i n  t h e  c a s e  o f  t h e  
o t h e r  v a r i e t i e s  e s p e c i a l l y  E m era ld  and  Clemson S p i n e l e s s  t h e  
l o n g e r  t h e  t r e a t m e n t  t im e  t h e  lo w er  t h e  p e r  c e n t  g e r m i n a t i o n .  
Thus i t  would  n o t  be  recommended t h a t  m e c h a n i c a l  s c a r i f i c a ­
t i o n  be  u s e d  t o  a t t e m p t  t o  I n c r e a s e  t h e  g e r m i n a t i o n  o f  
t h e s e  v a r i e t i e s .
The e f f e c t  o f  m e c h a n i c a l  s c a r i f i c a t i o n  on t h e  germ­
i n a t i o n  o f  o k r a  v a r i e t i e s  a s  an  a v e r a g e  o f  a l l  t im e s  t e s t e d  
i s  shown in  T a b le  1 .  The r e s u l t s  show h i g h l y  s i g n i f i c a n t
d i f f e r e n c e s  b e tw e e n  t h e  v a r i e t i e s  when s u b j e c t e d  t o  mech­
a n i c a l  s c a r i f i c a t i o n  t r e a t m e n t s  f o r  v a r i o u s  p e r i o d s  o f  t i m e .
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T a b l e  1 .  G e r m i n a t i o n  o f  o k r a  v a r i e t i e s  a s  a f f e c t e d  by  
m e c h a n i c a l  s c a r i f i c a t i o n  a s  a n  a v e r a g e  o f  a l l  t i m e s 2 t e s t e d .
V a r i e t y G e r m i n a t i o n
m
L o u i s i a n a  G reen  V e l v e t 66 a 1
Clemson S p i n e l e s s 31bc
G o ld  C o a s t 1 2 c
E m e ra ld 46ab
Any two m eans  n o t  f o l l o w e d  by  t h e  same l e t t e r  a r e  s i g n i f i ­
c a n t l y  d i f f e r e n t  a c c o r d i n g  t o  D u n c a n ' s  New M u l t i p l e  Range 
T e s t . P ^ . 0 1 .
2T im e s :  0 , 5 , 1 0 , 1 5 , 3 0 , 6 0 ,  and 1 2 0  s e c o n d s .
T a b l e  2 .  G e r m i n a t i o n  o f  
o f  m e c h a n i c a l  s c a r i f i c a t i o n .
o k r a  a s  a f f e c t e d  by d u r a t i o n
T r e a t m e n t  Time 
( s e c o n d s )
G e r m i n a t i o n
(%>







^Any two m eans  n o t  f o l l o w e d  by  t h e  same l e t t e r  a r e  s i g n i f i -  
c a n t l y  d i f f e r e n t  a c c o r d i n g  t o  D u n c a n ' s  New M u l t i p l e  Range
T e s t . P ^ . 0 1 .
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L o u i s i a n a  G reen  V e l v e t  h a d  t h e  h i g h e s t  p e r  c e n t  g e r m i n a t i o n  
a t  6 6 % f o l l o w e d  b y  E m e ra ld  a t  46% and  t h e n  Clem son  S p i n e l e s s  
a t  31%, w i t h  G o ld  C o a s t  show ing  t h e  l o w e s t  o f  12%.
The e f f e c t  o f  d u r a t i o n  o f  m e c h a n i c a l  s c a r i f i c a t i o n  on 
t h e  g e r m i n a t i o n  o f  a l l  v a r i e t i e s  o f  o k r a  t e s t e d  i s  shown i n  
T a b l e  2 .  The r e s u l t s  o b t a i n e d  showed h i g h l y  s i g n i f i c a n t  
d i f f e r e n c e s  d i d  e x i s t .  The t r e a t m e n t  t i m e s  o f  0 ,  5 ,  10,  and  
15 s e c o n d s  had  t h e  h i g h e s t  p e r  c e n t  g e r m i n a t i o n  an d  w ere  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f ro m  e a c h  o t h e r .  The 30 and  60 
s e c o n d  t r e a t m e n t  p e r i o d s  gav e  a  lo w er  p e r  c e n t  g e r m i n a t i o n  
b u t  t h e  l o w e s t  was o b t a i n e d  by t h e  120 se c o n d  t r e a t m e n t .  The 
h i g h e s t  p e r  c e n t  g e r m i n a t i o n  o f  56% was o b t a i n e d  a t  t h e  z e r o  
s e c o n d  t r e a t m e n t  o r  t h e  c h e c k  and  t h e  l o w e s t  o f  16% a t  1 2 0  
s e c o n d s .  I n  g e n e r a l  i t  c a n  be s t a t e d  t h a t  t h e  l o n g e r  t h e  
s c a r i f i c a t i o n  t r e a t m e n t  t h e  lo w e r  t h e  p e r  c e n t  g e r m i n a t i o n  
w h ic h  was o b t a i n e d .
S e v e r a l  I n v e s t i g a t o r s  ( 4 , 1 2 , 7 2 )  hav e  r e p o r t e d  on t h e  
u s e  o f  m e c h a n i c a l  s c a r i f i c a t i o n  a s  a  m e thod  o f  m a k in g  h a r d  
s e e d  c o a t s  p e r m e a b l e .  Hamly ( 3 5 )  and  P o r t e r  ( 7 6 )  have  
r e p o r t e d  t h a t  m e c h a n i c a l  s c a r i f i c a t i o n  c o u l d  b e  u s e d  t o  i n ­
c r e a s e  t h e  g e r m i n a t i o n  o f  s e e d s .  M a r t i n  ( 6 2 )  r e p o r t e d  t h a t  
t h e  u s e  o f  m e c h a n i c a l  s c a r i f i c a t i o n  r e s u l t e d  i n  i n c r e a s e d  
g e r m i n a t i o n  o f  s w e e t  p o t a t o  s e e d s .
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Figure 2. The effect of concentrated sulfuric acid scarification on the germination 




a c i d  s c a r i f i c a t i o n  on  t h e  g e r m i n a t i o n  o f  o k r a .  T h e r e  e x i s t -  
e d  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  v a r i e t i e s  a t  t h e  
v a r i o u s  t r e a t m e n t  p e r i o d s .  L o u i s i a n a  G reen  V e l v e t  showed 
t h e  b e s t  r e s p o n s e  w i t h  t r e a t m e n t  p e r i o d s  o f  1 ,  2 ,  5 ,  10 ,  15,
3 0 ,  a n d  60 m i n u t e s  sh o w in g  s l i g h t l y  h i g h e r  o r  e q u a l  p e r  c e n t  
g e r m i n a t i o n  when com pared  t o  t h e  c h e c k .  L o u i s i a n a  G reen  
V e l v e t  had  a  h i g h  o f  62% g e r m i n a t i o n  a t  1 m i n u t e  an d  a  low 
o f  36% a t  20 m i n u t e s  a s  com pared  t o  46% f o r  t h e  c h e c k .
Edmond an d  D r a p a l a  ( 2 8 )  s t a t e d  t h a t  L o u i s i a n a  G re en  V e l v e t  
showed a  m a rk ed  i n c r e a s e  i n  p e r  c e n t  g e r m i n a t i o n  when 
im m ersed  i n  c o n c e n t r a t e d  s u l f u r i c  a c i d  f o r  1 ,  2 ,  an d  3 
h o u r s .  However t h i s  was n o t  t h e  c a s e  h e r e  a s  L o u i s i a n a  
G re e n  V e l v e t  showed g e r m i n a t i o n  p e r c e n t a g e s  n e a r  o r  e q u a l  
t o  t h a t  o f  t h e  c h e c k  a s  t h e  t r e a t m e n t  p e r i o d  was e x t e n d e d  
t o  3 0 ,  60 an d  120 m i n u t e s .
C lemson S p i n e l e s s  had  787* g e r m i n a t i o n  f o r  t h e  c h e c k ,  
b u t  had c o n s i d e r a b l y  lo w e r  g e r m i n a t i o n  p e r c e n t a g e s  a t  a l l  
t r e a t m e n t  p e r i o d s ,  w i t h  a  r a n g e  o f  357, f o r  120 m i n u t e s  and  
12% f o r  2  an d  60 m i n u t e s ,  w i t h  t h e  r e m a i n d e r  o f  t h e  p e r ­
c e n t a g e s  f a l l i n g  w i t h i n  t h i s  r a n g e .  Thus a c i d  s c a r i f i c a t i o n  
on  C lem son  S p i n e l e s s  h ad  an  e f f e c t  o f  l o w e r i n g  t h e  p e r  c e n t  
g e r m i n a t i o n .
E m e ra ld  showed a  s i m i l a r  p a t t e r n ,  w i t h  a  r a n g e  o f  58% 
f o r  t h e  c h e c k  t o  25% f o r  120 m i n u t e s .  A g a in  t h e r e  e x i s t e d
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a  g r a d u a l  d e c r e a s e  I n  g e r m i n a t i o n  a s  t h e  d u r a t i o n  o f  t r e a t ­
m ent  i n c r e a s e d .  Gold  C o a s t  a l s o  showed t h i s  p a t t e r n  w i t h  
a  r a n g e  o f  417. f o r  t h e  ch e ck  t o  10% f o r  120 m i n u t e s .
I n  g e n e r a l  i t  can  be  s t a t e d  t h a t  s c a r i f i c a t i o n  w i t h  
c o n c e n t r a t e d  s u l f u r i c  a c i d  f o r  up t o  15 m in u t e s  c a n  be u sed  
on L o u i s i a n a  Green  V e l v e t  w i t h  l i m i t e d  r e s u l t s ,  b u t  s h o u ld  
n o t  be u s e d  on Clemson S p i n e l e s s ,  Gold  C o a s t  o r  E m era ld .
Edmond and  D r a p a l a  (27 )  o b s e rv e d  t h a t  o f  t h e  v a r i e t i e s  
t e s t e d  by Im m ers ion  i n  c o n c e n t r a t e d  s u l f u r i c  a c i d ,  L o u i s i a n a  
G reen  V e l v e t  showed a  h i g h  g e r m i n a t i o n  p e r c e n t a g e  a t  a l l  
im m ers ion  t r e a t m e n t s  when com pared  w i t h  t h e  c o n t r o l .  They 
s u g g e s t e d  t h a t  t r e a t i n g  s e e d  o f  t h i s  v a r i e t y  m ig h t  be a d ­
v a n t a g e o u s  u n d e r  p r a c t i c a l  c o n d i t i o n s .  They s t a t e d  t h a t  
r e s u l t s  I n d i c a t e  t h a t  s o a k i n g  t h e  s e e d  o f  s low  g e r m i n a t i n g  
v a r i e t i e s  i n  c o n c e n t r a t e d  s u l f u r i c  a c i d  may p rom ote  a  h i g h e r  
g e r m i n a t i o n  p e r c e n t a g e .
The g e r m i n a t i o n  o f  L o u i s i a n a  G reen  V e l v e t  was s l i g h t l y  
i n c r e a s e d  by t r e a t m e n t  w i t h  c o n c e n t r a t e d  s u l f u r i c  a c i d .
However g e r m i n a t i o n  was d e c r e a s e d  when Clemson S p i n e l e s s ,
Gold C o a s t  and  E m era ld  were  s u b j e c t e d  t o  t h e  same t r e a t m e n t  
and  th u s  i t  s h o u l d  n o t  b e  recom nended f o r  u s e  on t h e s e  
v a r i e t i e s  i n  an  e f f o r t  t o  i n c r e a s e  g e r m i n a t i o n .
The e f f e c t  o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  s c a r i f i c a t i o n  
on v a r i e t i e s  o f  o k r a  a s  an  a v e r a g e  o f  a l l  t i m e s  t e s t e d  i s
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shown i n  T a b le  3 .  T h e re  e x i s t e d  s i g n i f i c a n t  d i f f e r e n c e s  
b e tw e en  v a r i e t i e s  i n  t h e i r  r e s p o n s e  t o  a c i d  s c a r i f i c a t i o n .  
L o u i s i a n a  G reen  V e l v e t  had t h e  h i g h e s t  p e r  c e n t  g e r m i n a t i o n  
o f  49% an d  Gold  C o a s t  had  t h e  l o w e s t  o f  22%. T h e re  were  no 
s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  L o u i s i a n a  G reen  V e l v e t ,
E m era ld  and  Clemson S p i n e l e s s ;  and b e tw e en  Clemson S p i n e l e s s  
and  Gold C o a s t .  I t  was r e p o r t e d  by A nderson  e t  a l  ( 3 )  t h a t  
t r e a t m e n t  o f  o k r a  s e e d  w i t h  50% s u l f u r i c  a c i d  was l e s s  e f f e c ­
t i v e  t h a n  w a t e r  t r e a t m e n t  i n  i n c r e a s i n g  t h e  g e r m i n a t i o n  p e r ­
c e n t a g e .  But Edmond and  D r a p a l a  (2 7 )  s t a t e d  t h a t  im m ers ion  
i n  s u l f u r i c  a c i d  r e d u c e d  t h e  t im e  o f  em ergence  o f  s e e d l i n g s  
o f  s e v e r a l  o k r a  v a r i e t i e s .  I t  was r e p o r t e d  by J o h n s t o n  (4 6 )  
t h a t  o k r a  g e r m in a t e d  b e s t  a f t e r  3 h o u r s  im m ers ion  i n  c o n ­
c e n t r a t e d  s u l f u r i c  a c i d ,  b u t  t h e r e  was no r e d u c t i o n  o f  
g e r m i n a t i o n  even  a f t e r  2 2 ^ h o u r s .
The e f f e c t  o f  t h e  d u r a t i o n  o f  t r e a t m e n t  w i t h  c o n ­
c e n t r a t e d  s u l f u r i c  a c i d  i s  shown i n  T a b le  4 .  Here  a g a i n  
t h e r e  e x i s t e d  s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  t h e  d u r a t i o n  
o f  t r e a t m e n t .  T r e a t m e n t s  o f  0 ,  1 ,  5 ,  and 30 m i n u t e s  w ere  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  e a c h  o t h e r  w i t h  a p e r  c e n t  
g e r m i n a t i o n  r a n g e  o f  56% f o r  0 m i n u t e s  and  357. f o r  30 
m i n u t e s .  T r e a t m e n t s  o f  1 ,  2 ,  5 ,  10, 15,  2 0 ,  30 ,  60 ,  and  120 
m i n u t e s  w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  e a c h  o t h e r  w i t h  
a  r a n g e  o f  38% f o r  1 m in u t e  and  27% f o r  120 m i n u t e s .  T here
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Tabla 3. Germination of okra varieties as affected by
scarification with concentrated sulfuric acid as an average
of all times* tested.
Variety Germination
(%)




"^Any two means not followed by the same letter are signifi-
cantly different according to 
Test. P<.05.
Duncan's New Multiple Range
Times: 0 ,  1, 2 ,  5 ,  10, 15, 2 0 ,  30 ,  50 ,  and 120 minutes.
Table 4. Germination of okra as affected by duration












1 2 0 2 7b
Any two means not followed by the same letter are signifi­
cantly different according to Duncan's New Multiple Range
Test. P <. 05.
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e x i s t e d  a  t r e n d  o f  d e c r e a s e d  g e r m i n a t i o n  w i t h  I n c r e a s e d  
d u r a t i o n  o f  t r e a t m e n t  w i t h  c o n c e n t r a t e d  s u l f u r i c  a c i d .
I t  was r e p o r t e d  by  B a r t o n  ( 1 1 )  an d  P o r t e r  ( 7 6 )  t h a t  
s u l f u r i c  a c i d  h a s  l o n g  b ee n  u s e d  f o r  t h e  t r e a t m e n t  o f  im­
p e r m e a b l e  s e e d s .  S t e l n b a u e r  ( 8 8 ) an d  M a r t i n  ( 6 2 )  I n c r e a s e d  
t h e  g e r m i n a t i o n  o f  s w e e t  p o t a t o  s e e d  by u s i n g  a c i d  t r e a t ­
m e n t s .  S e v e r a l  i n v e s t i g a t o r s  ( 1 6 , 4 8 t 5 9 , 7 2 , 8 0 )  have  r e p o r t e d  
on t h e  u s e  o f  s u l f u r i c  a c i d  t o  i n c r e a s e  t h e  g e r m i n a t i o n  o f  
c e r t a i n  s p e c i e s .
F i g u r e  3 shows t h e  r e s u l t s  o f  t r e a t m e n t  w i t h  0.57. 
t h i o u r e a  on t h e  g e r m i n a t i o n  o f  o k r a .  The d a t a  p r e s e n t e d  
shows t h a t  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  d i d  o c c u r  b e tw e e n  
v a r i e t i e s  a t  t h e  t r e a t m e n t  t i m e s  t e s t e d .  L o u i s i a n a  G reen  
V e l v e t  showed a n  i n c r e a s e  i n  g e r m i n a t i o n  a t  a l l  t r e a t m e n t  
t i m e s  w i t h  0.5% t h i o u r e a  when com pared  t o  t h e  c h e c k .  The 
r a n g e  was 597. f o r  t h e  c h e c k  t o  a  h i g h  o f  857. f o r  t h e  8 h o u r  
t r e a t m e n t  t i m e .  The r e s u l t s  i n d i c a t e  a  g r a d u a l  i n c r e a s e  i n  
t h e  p e r  c e n t  g e r m i n a t i o n  up t o  8 h o u r s  and  t h e n  a g r a d u a l  
d e c r e a s e  a s  t h e  t r e a t m e n t  t im e  r e a c h e d  24 h o u r s .  A l l  t h e  
t r e a t m e n t s  w e re  s l i g h t l y  h i g h e r  t h a n  t h e  c h e c k .
T h i s  t r e a t m e n t  on  C lem son  S p i n e l e s s  showed a  p a t t e r n  o f  
g e r m i n a t i o n  w h ic h  was s l i g h t l y  lo w e r  t h a n  t h e  c h e c k ,  w i t h  a  
r a n g e  o f  77% f o r  t h e  c h e c k  t o  46% f o r  t h e  24 h o u r  t r e a t m e n t .
The r e s u l t s  show t h a t  t h e r e  was a  s l i g h t  d e c r e a s e  i n  t h e  p e r
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T I M E  (H O U R S )
F ig u re  The e f f e c t  o f  0.57, t h i o u r e a  on th e  g e rm in a t io n  o f  o k ra  ( s e e  d a t a  in  
Appendix T ab le  3 ) .
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c e n t  g e r m i n a t i o n  a s  t h e  t r e a t m e n t  t im e  was e x t e n d e d  t o  16 
an d  24 h o u r s , w i t h  t h e  24 h o u r  t r e a t m e n t  b e i n g  s i g n i f i c a n t l y  
d i f f e r e n t  f rom  a l l  o t h e r s .  E m era ld  showed a  s i m i l a r  p a t t e r n  
o f  g e r m i n a t i o n  i n  t h a t  i t  showed a  s l i g h t  d e c r e a s e  i n  germ ­
i n a t i o n  a s  t r e a t m e n t  t im e  I n c r e a s e d ,  e x c e p t  f o r  t h e  24 h o u r  
t r e a t m e n t  w h ic h  h a d  a  p e r  c e n t  g e r m i n a t i o n  o f  737.. T h i s  was 
s l i g h t l y  h i g h e r  t h a n  t h e  c h e c k  b u t  n o t  s i g n i f i c a n t l y  d i f f e r ­
e n t  f ro m  t h e  c h e c k .
The r e s u l t s  o f  t r e a t m e n t  o f  o k r a  v a r i e t i e s  w i t h  0.57. 
t h i o u r e a  a r e  shown i n  T a b l e  5 .  H i g h l y  s i g n i f i c a n t  d i f f e r ­
e n c e s  e x i s t e d  b e tw e e n  v a r i e t i e s ,  w i t h  L o u i s i a n a  G re e n  V e l v e t ,  
C lemson S p i n e l e s s  a n d  E m era ld  show ing  no s i g n i f i c a n t  d i f ­
f e r e n c e s  b e tw e e n  e a c h  o t h e r ,  b u t  a l l  b e i n g  s i g n i f i c a n t l y  
d i f f e r e n t  f rom  Gold  C o a s t .  The r a n g e  o f  g e r m i n a t i o n  p e r ­
c e n t a g e s  was a  h i g h  o f  737. f o r  L o u i s i a n a  G re en  V e l v e t  t o  a 
low o f  8% f o r  G o ld  C o a s t .
The e f f e c t  o f  d u r a t i o n  o f  t r e a t m e n t  w i t h  0,57. t h i o u r e a  
i s  r e p o r t e d  i n  T a b l e  6 . The d a t a  show no s i g n i f i c a n t  d i f ­
f e r e n c e s  e x i s t e d  b e tw e e n  an y  o f  t h e  t r e a t m e n t  t i m e s .  The 
r a n g e  was a  h i g h  o f  577. t o  a  low o f  477.. The d u r a t i o n  o f  
t r e a t m e n t  w i t h  0,57. t h i o u r e a  d i d  n o t  e f f e c t  t h e  g e r m i n a t i o n  
o f  o k r a .
S e v e r a l  i n v e s t i g a t o r s  ( 3 1 , 9 6 , 9 7 )  h a v e  r e p o r t e d  on 
I n c r e a s e d  g e r m i n a t i o n  o f  l e t t u c e  s e e d  when t r e a t e d  w i t h
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T a b l e  5 .  G e r m i n a t i o n  o f  
t r e a t m e n t  w i t h  0 .5% t h i o u r e a  
t e s t e d .
o k ra  v a r i e t i e s  a s  a f f e c t e d  by 
a s  an  a v e r a g e  o f  a l l  t i m e s 2
V a r i e t y G e r m i n a t i o n
<X)
L o u i s i a n a  G reen  V e l v e t 7 3 a 1
Clem son  S p i n e l e s s 6 8 a
G o ld  C o a s t 8b
E m e ra ld 6 6 a
1Any two m eans n o t  f o l l o w e d  by t h e  same l e t t e r  a r e  s i g n i f i -
c a n t l y  d i f f e r e n t  a c c o r d i n g  t o D u n c a n ' s  New M u l t i p l e  Range
T e s t .  P < . 0 1 .
2
T im e s :  0 ,  2 ,  4 ,  b ,  1 6 ,  a n d 24 h o u r s .
T a b l e  6 . G e r m i n a t i o n  o f o k r a  a s  a f f e c t e d  by d u r a t i o n
o f  t r e a t m e n t  w i t h  0 .5% t h i o u r e a .
T r e a t m e n t  Time G e r m i n a t i o n
( h o u r s ) m






i-Any two means not followed by the same letter are signifi*
cantly different according to Duncan's New Multiple Range
Test. P<\05.
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d i l u t e  s o l u t i o n s  o f  t h i o u r e a .  S i m i l a r  r e s u l t s  w ere  o b t a i n e d  
by Tukey and  C a r l s o n  (1 0 0 )  w i t h  p e a c h  s e e d  and  Thompson (95)  
w i t h  e n d i v e  s e e d  by u s i n g  c o n c e n t r a t i o n s  r a n g i n g  from 0 . 1  t o  
0.5% t h i o u r e a .
The e f f e c t  o f  95% a c e t o n e  on t h e  g e r m i n a t i o n  o f  o k r a  i s
shown I n  F i g u r e  4 .  Clemson S p i n e l e s s  and  E m era ld  showed
s i m i l a r  p a t t e r n  o f  g e r m i n a t i o n  when t r e a t e d  w i t h  a c e t o n e .
B o th  showed a  g r a d u a l  d e c r e a s e  I n  t h e  g e r m i n a t i o n  p e r c e n t a g e  
a s  t h e  t r e a t m e n t  t im e  I n c r e a s e d .  Clemson S p i n e l e s s  had a  
r a n g e  o f  85% f o r  t h e  c h e ck  t o  40% f o r  t h e  120 m in u t e  t r e a t ­
m e n t .  E m era ld  had a  r a n g e  o f  61% f o r  t h e  ch eck  t o  28%, f o r
t h e  20  m in u t e  t r e a t m e n t  w i t h  m os t  p e r c e n t a g e s  c l o s e  t o  t h e  
lo w e r  end  o f  t h e  r a n g e .  L o u i s i a n a  Green  V e lv e t  and  Gold 
C o a s t  had v e r y  low g e r m i n a t i o n  p e r c e n t a g e s ,  w i t h  a  20-10% 
g e r m i n a t i o n  r a n g e  f o r  L o u i s i a n a  Green  V e l v e t  an d  a  15-5% 
r a n g e  f o r  Gold  C o a s t .  I n  b o t h  c a s e s  a l l  t h e  p e r c e n t a g e s  were  
e q u a l  t o  o r  v e r y  c l o s e  t o  t h e  c h e c k  an d  no s i g n i f i c a n t  d i f ­
f e r e n c e s  e x i s t e d .
I t  was r e p o r t e d  by A n d e rso n  e t  a l  ( 3 )  t h a t  f i e l d  o b s e r ­
v a t i o n  o f  s e ed  t r e a t e d  w i t h  a c e t o n e  I n d i c a t e d  t h a t  t h e  t r e a t ­
m ent  n e i t h e r  i n f l u e n c e d  g ro w th  o r  p r o d u c t i v i t y  o f  t h e  p l a n t s .  
Edmond and  D r a p a l a  (2 7 )  r e p o r t e d  t h a t  s o a k i n g  o f  L o u i s i a n a  
G reen  V e l v e t  f o r  2 0 -4 0  m i n u t e s  i n  a c e t o n e  s l i g h t l y  I n c r e a s e d  














T IM E  (MIN)
F i g u r e  4 .  The e f f e c t  o f  95% a c e to n e  on t h e  g e r m in a t io n  o f  o k ra  ( s e e  d a t a  in  Appendix 
T ab le  4 ) .
O'
I n c r e a s e  t h e  g e r m i n a t i o n  p e r c e n t a g e  o f  an y  o f  t h e  v a r i e t i e s  
t e s t e d .  They  a l s o  r e p o r t e d  t h a t  a c e t o n e  t r e a t m e n t s  f a i l e d  
t o  I n c r e a s e  t h e  g e r m i n a t i o n  p e r c e n t a g e  o f  C lem son  S p i n e l e s s  
( 2 6 ) .  The d a t a  p r e s e n t e d  h e r e  s u p p o r t s  t h i s  r e p o r t .
The e f f e c t s  o f  95% a c e t o n e  t r e a t m e n t  on t h e  g e r m i n a t i o n  
o f  o k r a  v a r i e t i e s  a s  an  a v e r a g e  o f  a l l  t r e a t m e n t  t i m e s  t e s t *  
ed a r e  r e p o r t e d  i n  T a b l e  7. The d a t a  i n d i c a t e s  t h a t  h i g h l y  
s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  b e tw e e n  t h e  v a r i e t i e s  t e s t e d .  
A l l  v a r i e t i e s  w e re  s i g n i f i c a n t l y  d i f f e r e n t  f rom  e a c h  o t h e r  
e x c e p t  L o u i s i a n a  G reen  V e l v e t  and  Gold  C o a s t .  The germ ­
i n a t i o n  p e r c e n t a g e s  r a n g e d  f rom  a  h i g h  o f  64% f o r  Clemson 
S p i n e l e s s  t o  a  low o f  8% f o r  G old  C o a s t .
T a b l e  8 shows t h e  e f f e c t  o f  d u r a t i o n  o f  t r e a t m e n t  w i t h  
95% a c e t o n e  on t h e  g e r m i n a t i o n  o f  o k r a .  The d a t a  I n d i c a t e s  
t h a t  a s  t r e a t m e n t  t im e  i n c r e a s e s  t h e  g e r m i n a t i o n  p e r c e n t a g e  
d e c r e a s e s .  The g e r m i n a t i o n  p e r c e n t a g e s  r a n g e d  f rom  44% f o r  
t h e  c h e c k  t o  26% f o r  t h e  120 m i n u t e  t r e a t m e n t .  Edmond and 
D r a p a l a  ( 2 8 )  r e p o r t e d  t h a t  Im m e rs io n  o f  o k r a  s e e d s  i n  
a c e t o n e  f o r  2 0 -4 0  m i n u t e s  n e i t h e r  i n c r e a s e d  n o r  d e c r e a s e d  
t h e  g e r m i n a t i o n  p e r c e n t a g e .
The e f f e c t s  o f  95% e t h a n o l  t r e a t m e n t  on t h e  g e r m i n a t i o n  
o f  o k r a  a r e  shown i n  F i g u r e  5 .  I n  a l l  v a r i e t i e s  t h e r e  was 
a  h i g h l y  s i g n i f i c a n t  d e c r e a s e  I n  g e r m i n a t i o n  a s  t h e  t r e a t ­
m en t  t im e  I n c r e a s e d .  W i th  L o u i s i a n a  G reen  V e l v e t  t h e  r a n g e
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Table 7 . Germination of okra varieties as affected by
treatment with 95% acetone as an average of all tlmes2tested.
Variety Germination
<%)




^Any two means not followed 
cantly different according 
Test. P <. 01.
^T lm es :  0 ,  1 ,  2 ,  5 ,  10 ,  15
by the same letter are signifi- 
to Duncan's New Multiple Range
, 2 0 , 3 0 ,  6 0 ,  and  120  m i n u t e s .
Table 8. Germination 
duration of treatment with
















Any two means not followed by the same letter are signifi­
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F i g u r e  5. The e f f e c t  o f  957. e t h a n o l  on th e  g e r m in a t io n  o f  o k ra  ( s e e  d a t a  i n  Appendix 
T a b le  5 ) .
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was 63% f o r  t h e  c h e c k  t o  4% by  t h e  en d  o f  1 5 -3 0  m i n u t e s  o f  
t r e a t m e n t .  C lem son  S p i n e l e s s  showed s i m i l a r  r e s u l t s  b u t  a  
more g r a d u a l  d e c l i n e  I n  g e r m i n a t i o n ,  w i t h  a  r a n g e  o f  87% f o r  
t h e  c h e c k  t o  6% b y  120 m i n u t e s .  Gold  C o a s t  had  a  low p e r  
c e n t  g e r m i n a t i o n  f o r  t h e  c h e c k  an d  t h e  p e r  c e n t  g e r m i n a t i o n  
f o r  t h e  t r e a t m e n t s  r e m a in e d  v e r y  low. E m e ra ld  showed an  
i r r a t i c  r e s p o n s e ,  b u t  a l l  s i g n i f i c a n t l y  lo w er  t h a n  t h e  c h e c k  
w h ic h  h ad  a  p e r  c e n t  g e r m i n a t i o n  o f  647.. The p e r  c e n t  germ ­
i n a t i o n  f l u c u a t e d  f rom  23% a t  15 m i n u t e s  t o  5% a t  2 m i n u t e s .
T h ese  r e s u l t s  do n o t  a g r e e  w i t h  A n d e r s o n  e £  a l  ( 3 )  who 
s t a t e d  t h a t  t r e a t m e n t  w i t h  95% e t h y l  a l c o h o l  i n c r e a s e d  t h e  
g e r m i n a t i o n  p e r c e n t a g e  by a s  much a s  12%. I n  a l l  c a s e s  t h e  
r e v e r s e  i s  t r u e ,  t h e r e  was a  d e c r e a s e  i n  t h e  g e r m i n a t i o n  
p e r c e n t a g e  when t r e a t m e n t  o f  95% e t h a n o l  was a p p l i e d .  B u t  
t h e r e  i s  a g r e e m e n t  i n  a  r e p o r t  by  A n d e r s o n  a t  a l  ( 3 )  w h ic h  
s t a t e d  t h a t  t r e a t m e n t  w i t h  a l c o h o l  r e s u l t e d  i n  lo w e r  germ ­
i n a t i o n  p e r c e n t a g e s  t h a n  t h e  a c e t o n e  t r e a t e d  s e e d .
The d a t a  p r e s e n t e d  i n  T a b l e  9 r e p r e s e n t s  t h e  e f f e c t  o f  
95% e t h a n o l  t r e a t m e n t  on t h e  g e r m i n a t i o n  o f  o k r a  v a r i e t i e s  
a s  a n  a v e r a g e  o f  a l l  t i m e s  t e s t e d .  The g e r m i n a t i o n  r a n g e  
was 38% f o r  C lem son  S p i n e l e s s  t o  97. f o r  G o ld  C o a s t .  C lem­
son  S p i n e l e s s  was s i g n i f i c a n t l y  d i f f e r e n t  f ro m  a l l  v a r i e t i e s  
e x c e p t  L o u i s i a n a  G re e n  V e l v e t ,  w h e r e a s  L o u i s i a n a  G reen  V e l v e t  
was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  t h e  o t h e r  two v a r i e t i e s .
51
Table 9. Germination of okra varieties as affected by
treatment with 957* ethanol as an average of all times* tested.
V a r i e t y G e r m in a t io n
m
L o u i s i a n a  G reen  V e l v e t 2 l e b l
Clemson S p i n e l e s s 3 8a
G old  C o a s t 9b
E m era ld 17b
1Any two means n o t  f o l l o w e d  by t h e  same l e t t e r  a r e  s i g n i f i -  
c a n t l y  d i f f e r e n t  a c c o r d i n g  t o  D u n c a n 's  New M u l t i p l e  Range 
T e s t . P < . 0 1 .
^T im es:  0 ,  1, 2 ,  5 t 10, 15, 2 0 ,  30,  60 ,  and 120 m i n u t e s .
T a b le  10. G e r m in a t io n  o f  o k r a  a s  a f f e c t e d  by d u r a t i o n  
o f  t r e a t m e n t  w i t h  95% e t h a n o l .
T re a tm e n t  Time 
( m in u t e s )












*Any two means not followed by the same letter are signifi­
cantly different according to Duncan's New Multiple Range
Teat. P <.01.
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I n  T a b l e  10 t h e  e f f e c t  o f  d u r a t i o n  o f  t r e a t m e n t  w i t h  
95% e t h a n o l  on t h e  g e r m i n a t i o n  o f  o k r a  i s  shown. The c h e c k  
shows h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  when com pared  t o  t h e  
o t h e r  t r e a t m e n t  t i m e s .  The p e r  c e n t  g e r m i n a t i o n  r a n g e s  f rom  
a  h i g h  o f  58% f o r  t h e  c h e c k  t o  a  low o f  5% f o r  t h e  120 
m i n u t e  t r e a t m e n t .  The d a t a  I n d i c a t e s  a  g r a d u a l  d e c r e a s e  i n  
g e r m i n a t i o n  a s  t h e  t r e a t m e n t  t im e  i n c r e a s e s ,  w i t h  a l l  b e i n g  
s i g n i f i c a n t l y  lo w e r  t h a n  t h e  c h e c k .
The e f f e c t  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  t r i a c o n t a n o l  
on t h e  g e r m i n a t i o n  o f  o k r a  i s  shown i n  F i g u r e  6 . The d a t a  
p r e s e n t e d  shows t h a t  I n  a l l  c a s e s  a s  t h e  c o n c e n t r a t i o n  o f  
t r i a c o n t a n o l  i n c r e a s e d  t h e  p e r  c e n t  g e r m i n a t i o n  d e c r e a s e d .  
C lem son  S p i n e l e s s  had  t h e  h i g h e s t  g e r m i n a t i o n  p e e c e n t a g e s  a t  
a l l  t r e a t m e n t s ,  b u t  t h e r e  e x i s t e d  a  g r a d u a l  d e c r e a s e  i n  
g e r m i n a t i o n  a s  t h e  c o n c e n t r a t i o n  o f  t r i a c o n t a n o l  was i n ­
c r e a s e d .  The r a n g e  f o r  g e r m i n a t i o n  was 65% f o r  t h e  c h e c k  t o  
56% f o r  t h e  2 ppm t r e a t m e n t ,  b u t  a l l  p e r c e n t a g e s  w ere  e q u a l  
t o  o r  c l o s e  t o  t h a t  o f  t h e  c h e c k .  E m era ld  a l s o  had a  s i m i l a r  
p a t t e r n  o f  g e r m i n a t i o n .  The r a n g e  was 47% f o r  t h e  c h e c k  t o  
31% f o r  t h e  2 ppm t r e a t m e n t  and  h e r e  a g a i n  t h e  p e r c e n t a g e s  
w e re  e q u a l  t o  o r  n e a r  t h a t  o f  t h e  c h e c k .
G o ld  C o a s t  a l s o  showed a  d e c r e a s e  i n  g e r m i n a t i o n  a s  t h e  
c o n c e n t r a t i o n  was I n c r e a s e d ,  b u t  t h e  l o w e s t  p e r c e n t a g e  was 
o b t a i n e d  w i t h  t h e  c h e c k  +  d i c h l o r o m e t h a n e  t r e a t m e n t  w h ic h
o 100 ”
80-




0 01 1 
DCM 
C O N C ( P P M )
F i g u r e  6 .  The e f f e c t  o f  t r i a c o n t a n o l  on t h e  g e r m in a t io n  o f  o k ra  ( s e e  d a t a  
In  Appendix T a b le  6 ) .
L/iW
54
had a percentage of 17%. The range was 43% for the check to
17% for the check + dlchloromethane.
L o u i s i a n a  G re en  V e l v e t  h ad  a  v e r y  low p e r  c e n t  germ­
i n a t i o n ,  w i t h  a  r a n g e  o f  17% f o r  t h e  c h e c k  + d l c h l o r o m e t h a n e  
t o  10% f o r  t h e  2 a n d  4 ppm t r e a t m e n t s .  The p e r c e n t a g e s  w ere  
v e r y  c l o s e  w i t h  t h e  e x c e p t i o n  o f  t h e  d l c h l o r o m e t h a n e  c h e c k .
The d a t a  p r e s e n t e d  i n  T a b l e  11 shows t h e  e f f e c t s  o f  
t r i a c o n t a n o l  on t h e  g e r m i n a t i o n  o f  o k r a  v a r i e t i e s  a s  an  
a v e r a g e  o f  a l l  c o n c e n t r a t i o n s  t e s t e d .  H i g h l y  s i g n i f i c a n t  
d i f f e r e n c e s  e x i s t e d  b e t w e e n  t h e  v a r i e t i e s  t e s t e d .  Clemson 
S p i n e l e s s  h ad  t h e  h i g h e s t  p e r  c e n t  g e r m i n a t i o n  w i t h  62% and  
was s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h e  o t h e r  v a r i e t i e s .  The 
g e r m i n a t i o n  p e r c e n t a g e s  f o r  E m e ra ld  and  G old  C o a s t  w ere  
c o m p a r a b l e ,  w i t h  39 an d  30%, r e s p e c t i v e l y ,  w h ich  was n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f ro m  e a c h  o t h e r .  L o u i s i a n a  G reen  
V e l v e t  had  t h e  l o w e s t  p e r  c e n t  g e r m i n a t i o n  a t  12% b u t  i t  
was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  t h a t  o f  G o ld  C o a s t .
T h e s e  r e s u l t s  a r e  i n  a g r e e m e n t  w i t h  t h e  r e p o r t s  o f  
R l e s  e t  al^ ( 7 9 )  who r e p o r t e d  t h a t  n e i t h e r  s e e d  n o r  s o i l  
t r e a t m e n t s  I n c r e a s e d  t h e  g e r m i n a t i o n  o r  y i e l d  o f  c r o p s  
when t r e a t e d  w i t h  t r i a c o n t a n o l .
F i g u r e  7 shows t h e  e f f e c t  o f  c o n c e n t r a t i o n  o f  g i b b e r e -  
11 i c  a c i d  on t h e  g e r m i n a t i o n  o f  o k r a .  C lem son  S p i n e l e s s  
had  t h e  h i g h e s t  p e r  c e n t  g e r m i n a t i o n  a t  a l l  c o n c e n t r a t i o n s
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Table 11. Germination of okra varieties as affected by
treatment with triacontanol as an average of all concentra­
tions^ tested.
V a r i e t y G e r m i n a t i o n
(%>
L o u i s i a n a  G reen  V e l v e t 1 2 c 1
Clemson S p i n e l e s s 62a
G old  C o a s t 30bc
E m era id 39b
Any two means n o t  f o l l o w e d  by t h e  same l e t t e r  a r e  s i g n i f i ­
c a n t l y  d i f f e r e n t  a c c o r d i n g  t o  D u n c a n ' s  New M u l t i p l e  Range 
T e s t .  P < . 0 1 .
2
C o n c e n t r a t i o n s :  0 ,  0+DCM, 1, 2 ,  and  4 ppm.
o f  g i b b e r e l l l c  a c i d  and showed a  t r e n d  o f  a  s l i g h t  d e c l i n e  
i n  g e r m i n a t i o n  a s  t h e  c o n c e n t r a t i o n  was i n c r e a s e d .  The 
r a n g e  was 75% f o r  t h e  c h e c k  t o  64% f o r  t h e  500 ppm t r e a t ­
m e n t .  A s i m i l a r  t r e n d  was o b t a i n e d  w i t h  E m era ld  b u t  germ­
i n a t i o n  p e r c e n t a g e s  w e re  s l i g h t l y  l o w e r ,  w i t h  a r a n g e  o f  
6 6 % f o r  t h e  c h e c k  t o  547* f o r  t h e  1000 ppm t r e a t m e n t .  Lou­
i s i a n a  G re e n  V e l v e t  had  a  v e r y  low g e r m i n a t i o n  p e r c e n t a g e ,  
w i t h  a  r a n g e  o f  17% f o r  t h e  c h e c k  t o  21% f o r  t h e  100 ppm 
t r e a t m e n t .  G o ld  C o a s t  had  a  v e r y  low g e r m i n a t i o n  p e r c e n t a g e  
w i t h  a  r a n g e  o f  6% f o r  t h e  c h e c k  t o  5% f o r  a l l  t h e  t r e a t m e n t  
c o n c e n t r a t i o n s .  The d a t a  i n d i c a t e s  t h a t  g i b b e r e l l l c  a c i d  
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Figure 7. The effect of the concentration of qibberellic acid on the germi 
of okra (see data in Appendix Table 7).
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The e f f e c t  o f  t r e a t m e n t  w i t h  g i b b e r e l l l c  a c i d  on t h e  
g e r m i n a t i o n  o f  o k r a  I s  shown I n  F i g u r e  8 . Clemson S p i n e l e s s  
had  t h e  h i g h e s t  o v e r a l l  g e r m i n a t i o n  p e r c e n t a g e  w i t h  a r a n g e  
o f  76-56%. W ith  t h e  e x c e p t i o n  o f  t h e  4 h o u r  t im e  t h e r e  was a 
g r a d u a l  d e c r e a s e  I n  t h e  p e r  c e n t  g e r m i n a t i o n  a s  t h e  t r e a t ­
m ent  p e r i o d  I n c r e a s e d .  The 8  h o u r  t r e a t m e n t  p e r i o d  had t h e  
l o w e s t  p e r  c e n t  g e r m i n a t i o n  w i t h  567. b u t  I t  was n o t  s i g n i f i ­
c a n t l y  d i f f e r e n t  f rom t h e  o t h e r  t r e a t m e n t  t i m e s .  A l l  were  
e q u a l  t o  o r  v e r y  c l o s e  t o  t h e  ch e ck  w h ich  had 75% g e r m i n a t ­
i o n .  E m era ld  b eh a v ed  i n  a  s i m i l a r  m anner  w i t h  a l l  t r e a t ­
ment  t im e s  h a v i n g  lo w er  p e r c e n t a g e s  t h a n  t h e  66% f o r  t h e  
c h e c k ,  w i t h  a  r a n g e  o f  66% f o r  t h e  h ig h  and  54% f o r  t h e  low. 
L o u i s i a n a  G reen  V e l v e t  had a l l  t r e a t m e n t  t im e s  s l i g h t l y  
h i g h e r  o r  e q u a l  t o  t h e  ch e ck  o f  177.. T h e re  was a  s l i g h t  
i n c r e a s e  up t o  227. by t h e  8 h o u r  t r e a t m e n t  t im e  b u t  t h e r e  
w ere  no s i g n i f i c a n t  d i f f e r e n c e s .  Gold  C o a s t  had a v e r y  low 
g e r m i n a t i o n  p e r c e n t a g e ,  w i t h  a r a n g e  o f  6-4%.
I t  c a n  be s a i d  t h a t  i n  g e n e r a l  t h e  d u r a t i o n  o f  t r e a t ­
ment had  no e f f e c t  on t h e  g e r m i n a t i o n  o f  o k r a  and t h a t  
t h e r e  I s  no p ro m ise  I n  t r e a t i n g  o k r a  w i t h  g i b b e r e l l l c  a c i d  
t o  I n c r e a s e  g e r m i n a t i o n .
T a b le  12 shows t h e  e f f e c t  o f  g i b b e r e l l l c  a c i d  on t h e  
g e r m i n a t i o n  o f  o k r a  v a r i e t i e s  a s  an  a v e r a g e  o f  a l l  c o n ­
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Figure 8. The effect of gihberellic acid on the germination of okra (see 
d a t a  in Appendix Table 8).
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Table 12. Germination of okra varieties as affected by
treatment with gibberelllc acid as an average of all concent­
rations tested.
V a r i e t y G e r m i n a t i o n
(7.)
L o u i s i a n a  G reen  V e l v e t 2 0 b 1
Clemson S p i n e l e s s 6 8 a
Gold  C o a s t 5b
E m e ra ld 57a
Any means n o t  f o l l o w e d  by t h e  same l e t t e r  a r e  s i g n i f i ­
c a n t l y  d i f f e r e n t  a c c o r d i n g  t o  D u n c a n ' s  New M u l t i p l e  Range 
T e s t .  P < . 0 1 .
2
C o n c e n t r a t i o n s :  0 ,  100 ,  5 0 0 ,  and  1000 ppm.
b e tw e e n  v a r i e t i e s  t e s t e d .  C lem son S p i n e l e s s  an d  E m era ld  
w e re  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h e  o t h e r  v a r i e t i e s  t e s t e d  
w i t h  g e r m i n a t i o n  p e r c e n t a g e s  o f  68  an d  5770, r e s p e c t i v e l y .  
L o u i s i a n a  G re e n  V e l v e t  an d  G o ld  C o a s t  w e re  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  f ro m  e a c h  o t h e r  an d  h ad  r e l a t i v e l y  low g e r m i n a t i o n  
p e r c e n t a g e s .
S e v e r a l  i n v e s t i g a t o r s  ( 3 9 , 7 7 , 9 3 , 1 0 4 )  r e p o r t e d  on t h e  
I n c r e a s e  o f  g e r m i n a t i o n  o f  s e e d  when t r e a t e d  w i t h  g i b b e r e l l l c  
a c i d .  The d a t a  p r e s e n t e d  h e r e  i s  n o t  i n  a g r e e m e n t  w i t h  t h e s e  
r e s u l t s .  The g e r m i n a t i o n  o f  o k r a  s e e d  t r e a t e d  w i t h  g i b b e r e ­
l l l c  a c i d  was n o t  i n c r e a s e d .
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F i g u r e  9 shows t h e  e f f e c t  o f  k l n e t i n  a s  a n  a v e r a g e  o f  
a l l  c o n c e n t r a t i o n s  on  t h e  g e r m i n a t i o n  o f  o k r a  v a r i e t i e s .  
L o u i s i a n a  G re e n  V e l v e t  showed t h e  h i g h e s t  o v e r a l l  g e r m i n a t i o n  
p e r c e n t a g e s  w i t h  a  r a n g e  o f  617. f o r  t h e  c h e c k  t o  687« f o r  t h e  
8 h o u r  t r e a t m e n t  t i m e .  E m e ra ld  h ad  a  s i m i l a r  p a t t e r n  w i t h  a 
r a n g e  o f  63% f o r  t h e  c h e c k  t o  a  low o f  52% f o r  t h e  4 h o u r  
t r e a t m e n t  p e r i o d .  C lemson S p i n e l e s s  had  a  s l i g h t l y  lo w e r  
r a n g e  w i t h  a  h i g h  o f  557* f o r  t h e  a c i d  c h e c k  ( . INHC1) t o  a low 
o f  48% f o r  t h e  8 h o u r  t r e a t m e n t  t i m e .  Gold  C o a s t  had o v e r a l l  
l o w e r  g e r m i n a t i o n  p e r c e n t a g e s  w i t h  a  r a n g e  w i t h  a  h i g h  o f  42% 
f o r  t h e  2 h o u r  an d  12 h o u r  t r e a t m e n t  t i m e s  and  a  low o f  29%, 
f o r  t h e  4 h o u r  t r e a t m e n t  t i m e .  The d a t a  i n d i c a t e s  t h a t  t h e  
d u r a t i o n  o f  t r e a t m e n t  d i d  n o t  e f f e c t  t h e  g e r m i n a t i o n  o f  t h e  
v a r i e t i e s  t e s t e d .
T a b l e  13 shows t h e  e f f e c t  o f  k l n e t i n  a s  an  a v e r a g e  o f  
a l l  c o n c e n t r a t i o n s  an d  t r e a t m e n t  p e r i o d s  on t h e  g e m i n a t i o n  
o f  o k r a  v a r i e t i e s .  The d a t a  i n d i c a t e s  t h a t  t h e r e  a r e  h i g h l y  
s i g n i f i c a n t  d i f f e r e n c e s  w h ic h  d i d  o c c u r  b e tw e e n  t h e  v a r i e t i e s  
t e s t e d .  L o u i s i a n a  G re e n  V e l v e t ,  E m e ra ld  and  C lem son S p i n e ­
l e s s  w e re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  e a c h  o t h e r ,  b u t  
G o ld  C o a s t  was s i g n i f i c a n t l y  d i f f e r e n t  f rom  t h e  o t h e r  v a r ­
i e t i e s  w i t h  t h e  e x c e p t i o n  o f  C lem son  S p i n e l e s s .  The g e rm ­
i n a t i o n  p e r c e n t a g e s  r a n g e d  f rom  a  h i g h  o f  65% f o r  L o u i s i a n a  
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Figure 9. The effect of kinetin 
(see data in Appendix Table 9).
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Table 13. Germination of okra varieties as affected by
treatment with klnetin as an average of all concentrations^
and treatment times tested.
V a r i e t y G e r m i n a t i o n
<%)
L o u i s i a n a  G reen  V e l v e t 6 5 a 1
Clemson S p i n e l e s s 53ab
Gold C o a s t 36b
Ernera id 60a
Any two means n o t  f o l l o w e d  by  t h e  same l e t t e r  a r e  s i g n i f i ­
c a n t l y  d i f f e r e n t  a c c o r d i n g  t o  D u n c a n ’ s New M u l t i p l e  Range 
T e s t .  P < . 0 1 .
2
C o n c e n t r a t i o n s :  0 ,  10 ,  5 0 ,  and  100 ppm.
3
T r e a t m e n t  t i m e s :  0 ,  2 ,  4 ,  8 , and  12 h o u r s .
I t  was r e p o r t e d  by  s e v e r a l  i n v e s t i g a t o r s  ( 5 1 , 5 2 , 6 9 , 7 7 ,  
104) t h a t  k l n e t i n  c o u l d  be u s e d  t o  s t i m u l a t e  g e r m i n a t i o n  o r  
b r e a k  dorm ancy  o f  s e v e r a l  s p e c i e s .  The d a t a  o b t a i n e d  d o e s  
n o t  a g r e e  w i t h  t h e s e  r e s u l t s .  G e n e r a l l y  t h e r e  was no e f f e c t  
o f  k l n e t i n  t o  i n c r e a s e  t h e  g e r m i n a t i o n  o f  t h e  o k r a  v a r i e t i e s  
t e s t e d .  The I n c r e a s e  i n  g e r m i n a t i o n  w h ic h  was a c h i e v e d  i n  
m o s t  c a s e s  was o n l y  s l i g h t l y  h i g h e r  t h a n  t h a t  o f  t h e  c h e c k  
an d  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  i t .  The r e s u l t s  o b ­
t a i n e d  a r e  more i n  a g r e e m e n t  w i t h  Ikuma and  Thlmann (4 3 )  
who r e p o r t e d  t h a t  c y t o k l n l n s  by  t h e m s e l v e s  do n o t  have  any
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p r o f o u n d  e f f e c t  on s e e d  g e r m i n a t i o n .
I n  F i g u r e  10 t h e  d a t a  f o r  t h e  e f f e c t  o f  m i c r o n u t r i e n t  
e l e m e n t s  on  t h e  g e r m i n a t i o n  o f  o k r a  i s  p r e s e n t e d .  Clemson 
S p i n e l e s s  an d  E m e ra ld  had  t h e  h i g h e s t  g e r m i n a t i o n  p e r c e n t ­
a g e s ,  w i t h  E m e ra ld  b e i n g  s l i g h t l y  h i g h e r  t h a n  t h a t  o f  Clem- 
so n  S p i n e l e s s .  T h e s e  p e r c e n t a g e s  w e re  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  f rom  e a c h  o t h e r .  C lemson S p i n e l e s s  had  a r a n g e  o f  
53-39% g e r m i n a t i o n ,  w h e re  E m era ld  had  a  r a n g e  o f  61-42% 
w h ic h  was s l i g h t l y  h i g h e r .  L o u i s i a n a  G re e n  V e l v e t  had a  
r a n g e  o f  25-19% g e r m i n a t i o n  and  G old  C o a s t  had  t h e  l o w e s t  
r a n g e  o f  8-5% g e r m i n a t i o n .  Even th o u g h  t h e r e  e x i s t e d  d i f ­
f e r e n c e s  b e tw e e n  v a r i e t i e s ,  t h e r e  w ere  no s i g n i f i c a n t  d i f ­
f e r e n c e s  b e tw e e n  t h e  m i c r o n u t r i e n t  e l e m e n t s  t r e a t m e n t .  F o r  
a l l  t h e  v a r i e t i e s  t h e  g e r m i n a t i o n  p e r c e n t a g e s  f o r  a l l  t h e  
t r e a t m e n t s  w e re  g e n e r a l l y  e q u a l  t o  o r  v e r y  n e a r  t h a t  o f  t h e  
c h e c k s  and  t h e s e  w e re  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
The e f f e c t  o f  m i c r o n u t r i e n t  e l e m e n t s  on t h e  g e r m i n a t i o n  
o f  o k r a  v a r i e t i e s  i s  shown i n  T a b l e  14. E m e ra ld  and  Clemson 
S p i n e l e s s  had  t h e  h i g h e s t  g e r m i n a t i o n  p e r c e n t a g e s  a t  52 and  
45%, r e s p e c t i v e l y ,  an d  t h e y  w e re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
f rom  e a c h  o t h e r .  However t h e y  w e re  s i g n i f i c a n t l y  d i f f e r e n t  
f ro m  L o u i s i a n a  G re e n  V e l v e t  an d  G o ld  C o a s t .  L o u i s i a n a  G reen  
V e l v e t  an d  G old  C o a s t  had  s i g n i f i c a n t l y  lo w e r  g e r m i n a t i o n  
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F ig u re  10. The effect of micron o  germination of okra (see data 
in Appendix Table 11).
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Table 14. Germination of okra varieties as affected by
treatment with micronutrient elements as an average of all
concentrations^ tested.
V a r i e t y G e r m i n a t i o n
m
L o u i s i a n a  G re e n  V e l v e t 21 b 1
Clem son  S p i n e l e s s 45a
Gold  C o a s t 6 b
E m e ra ld 52a
*Any two means n o t  f o l l o w e d  by t h e  same l e t t e r  a r e  s i g n i f i ­
c a n t l y  d i f f e r e n t  a c c o r d i n g  t o  D u n c a n ' s  New M u l t i p l e  Range 
T e s t .  P < . 0 1 .
2
C o n c e n t r a t i o n s :  0 ,  0 . 1 ,  1 . 0 ,  and  10.0%.
I n  F i g u r e  11 t h e  e f f e c t s  o f  t h e  c o n c e n t r a t i o n  o f  
m i c r o n u t r i e n t s  e l e m e n t s  on t h e  g e r m i n a t i o n  o f  L o u i s i a n a  
G re e n  V e l v e t  a r e  shown. W i th  L o u i s i a n a  G reen  V e l v e t  t h e  
g e r m i n a t i o n  r a n g e  was a h i g h  o f  297. f o r  t h e  1,07. M0O3 t r e a t ­
m en t  an d  t h e  low was 127. f o r  t h e  10.07. NaSO^ t r e a t m e n t .  But 
t h e s e  w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h a t  o f  t h e  
c h e c k  o f  217.. T r e a t m e n t s  w i t h  C oSO ^ M0O3 , NeSO/j, an d  ZnSO^ 
g e n e r a l l y  had  s l i g h t l y  h i g h e r  g e r m i n a t i o n  p e r c e n t a g e s  t h a n  
t h e  c h e c k  and  t r e a t m e n t s  w i t h  CuS04, MnSO^, Na2B4<>7 had 
g e r m i n a t i o n  p e r c e n t a g e s  s l i g h t l y  lo w e r  t h a n  t h e  c h e c k .  B u t  
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F i g u r e  11. The e f f e c t  o f  m i c r o n u t r i e n t  e l e m e n ts  on th e  g e r m in a t io n  o f  L o u i s i a n a  
Green V e lv e t .
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c o n c e n t r a t i o n  o f  s u c h  d i d  n o t  have  a n y  e f f e c t  on t h e  germ ­
i n a t i o n  o f  L o u i s i a n a  G re e n  V e l v e t .
The e f f e c t s  o f  t h e  c o n c e n t r a t i o n  o f  m i c r o n u t r i e n t  e l e ­
m e n ts  on  t h e  g e r m i n a t i o n  o f  C lemson S p i n e l e s s  a r e  shown i n  
F i g u r e  12 .  C lemson S p i n e l e s s  h ad  a  h i g h  p e r  c e n t  g e r m i n a t ­
i o n  o f  57% f o r  t h e  10.0% MnSO^ t r e a t m e n t  an d  a  low o f  34% a t  
t h e  10.0% NaSO^ t r e a t m e n t .  B u t  t h e  g e n e r a l  p a t t e r n  was t h a t  
a l l  p e r c e n t a g e s  w ere  n e a r  t h a t  o f  t h e  c h e c k  w h ic h  was 53% and  
w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  C0 SO4 , CuSO^, M0 O3 ,
Na2B4 0 7 , NaS0 4 , a n d  ZnS04 a l l  had  g e r m i n a t i o n  p e r c e n t a g e s  
w h ic h  w e re  s l i g h t l y  lo w e r  t h a n  t h a t  o f  t h e  c h e c k  and  o n l y  
t h e  h i g h e s t  c o n c e n t r a t i o n  o f  MnS0 4  had  a  g e r m i n a t i o n  p e r c e n t ­
a g e  h i g h e r  t h a n  t h a t  o f  t h e  c h e c k .  The d a t a  i n d i c a t e s  t h a t  
t r e a t m e n t  o f  C lemson S p i n e l e s s  w i t h  m i c r o n u t r i e n t  e l e m e n t s  
d i d  n o t  e f f e c t  i t s  g e r m i n a t i o n .
Figure 13 shows the e f fe c ts  o f the concentration of 
micronutrient elements on the germination of Gold Coast.
Gold Coast had the lowest overa ll germination percentage 
with a range of 11-4%. Treatments with C0SO4, MnSC>4 and 
NaSO^  had germination percentages which were s l ig h t ly  higher 
or equal to that of 8% for the check. Treatments with CuS04f 
M0O3, Na2B4(>7, and Z11SO4 generally had germination percent­
ages which were s l ig h t ly  lower than that of the check. These 
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Figure 13. The effects of micronutrient elements on the germination of Gold Coast.
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o f  G o ld  C o a s t  by  t h e  f e e t  t h a t  t h e  g e r m i n a t i o n  p e r c e n t a g e s  
r e m a in e d  low e v e n  a f t e r  t r e a t m e n t  w i t h  m i c r o n u t r i e n t  e l e m e n t s .
The e f f e c t s  o f  t h e  c o n c e n t r a t i o n  o f  m i c r o n u t r i e n t  
e l e m e n t s  on t h e  g e r m i n a t i o n  o f  E m e ra ld  a r e  shown i n  F i g u r e  
14 .  E m era ld  had  t h e  h i g h e s t  o v e r a l l  g e r m i n a t i o n  p e r c e n t a g e s  
o f  t h e  v a r i e t i e s  t e s t e d .  The g e r m i n a t i o n  r a n g e  was 79-33%, 
w i t h  t h e  c h e c k  a t  59%. T r e a t m e n t s  w i t h  C0 SO4 , CuSO^, ^ 28^ 07  
a t  t h e  0 .1  a n d  1 . 0% c o n c e n t r a t i o n s  had g e r m i n a t i o n  p e r c e n t ­
a g e s  w h ic h  w ere  s l i g h t l y  h i g h e r  t h a n  t h e  c h e c k ,  w h e r e a s  t h e  
r e m a i n i n g  t r e a t m e n t s  had g e r m i n a t i o n  p e r c e n t a g e s  s l i g h t l y  
lo w e r  t h a n  t h a t  o f  t h e  c h e c k .  G e n e r a l l y  t h e s e  d i f f e r e n c e s  
w e re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  e a c h  o t h e r .
T h e se  d a t a  i n d i c a t e  t h a t  t r e a t m e n t  o f  o k r a  w i t h  v a r i o u s  
c o n c e n t r a t i o n s  o f  m i c r o n u t r i e n t  e l e m e n t s  d i d  n o t  have  a  p r o ­
fo u n d  e f f e c t  on g e r m i n a t i o n .  Even w i t h  t h e  s lo w  g e r m i n a t i n g  
v a r i e t i e s  t h e r e  was no i n d i c a t i o n  o f  I n c r e a s e d  g e r m i n a t i o n .
S e v e r a l  i n v e s t i g a t o r s  ( 2 0 , 2 1 , 2 9 , 3 3 , 4 7 , 5 8 , 8 1 , 8 5 )  have  
shown t h a t  s e e d  t r e a t m e n t  w i t h  s e e d  p r o t e c t a n t s ,  m i c r o -  
n u t r i e n t s  o r  t r a c e  e l e m e n t s  h av e  i n c r e a s e d  o r  h a s t e n e d  t h e  
g e r m i n a t i o n  o f  c e r t a i n  s p e c i e s .  C l a y t o n  ( 2 1 )  r e p o r t e d  t h a t  
t r e a t m e n t  o f  C lemson S p i n e l e s s  w i t h  C e r e s a n  o r  S p e rg o n  
r e s u l t e d  i n  s t a n d  i n c r e a s e s ,  b u t  t r e a t m e n t s  w i t h  c o p p e r  
s u l f a t e ,  C u p r o c i d e ,  z i n c  o x i d e ,  P h y g o n ,  S eed  D i s i n f e c t a n t s  
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Figure 14. The effect of micronutrient elements on the germination of Emerald.
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was r e p o r t e d  by  F o s t e r  (2 9 )  t h a t  s e e d  g e r m i n a t i o n  o f  b e e t ,  
e g g p l a n t ,  p e p p e r  an d  s p l n l c h  was I n c r e a s e d  by t r e a t m e n t  w i t h  
c u p ro u s  o x id e  and  c o p p e r  s u l f a t e ,  b u t  t h a t  o f  c a b b a g e ,  c u ­
cumber and  p ea  s e e d  was r e t a r d e d  by t h e  same t r e a t m e n t .
C h i l t o n  and  G a r b e r  (20 )  n o t e d  s t a n d  i n c r e a s e s  o f  s m a l l  s e e d ­
ed  legumes when t r e a t e d  w i t h  m e rc u ry  c h l o r i d e ,  z i n c  o x i d e ,  
c u p ro u s  o x id e  and  o r g a n i c  s u l f u r  compounds. I t  was r e p o r t e d  
by S a r l c  and  S a c l r a g l c  (8 1 )  t h a t  t r e a t m e n t  o f  o a t  s e ed  w i t h  
m i c r o n u t r i e n t s  s u c h  a s  H^BO^, CoSO^ and  CuSO^ showed no m ark ­
ed  e f f e c t  on g e r m i n a t i o n .  Gopal  and  Rao (3 3 )  r e p o r t e d  t h a t  
g ro u n d n u t  s e e d  t r e a t e d  w i t h  b o ro n  s o l u t i o n  g e r m in a t e d  more 
q u i c k l y  t h a n  u n t r e a t e d  s e e d .  J o h n s o n  e t  a l  (4 7 )  o b s e r v e d  
t h a t  so y b e an  s e e d  t r e a t e d  w i t h  v a r i o u s  s o u r c e s  o f  molybdenum 
showed no l o s s  o f  g e r m i n a t i o n  a f t e r  a  y e a r  o f  s t o r a g e .  I t  
was r e p o r t e d  by Loo and  Tang (5 8 )  t h a t  t r e a t m e n t  o f  r i c e ,  
mungo b e a n s  and  ca b b ag e  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  
manganese  s u l f a t e  a c c e l e r a t e d  o r  I n c r e a s e d  t h e i r  g e r m i n a t i o n .
F i g u r e  15 shows t h e  e f f e c t  o f  s t o r a g e  t im e  on th e  germ ­
i n a t i o n  o f  o k r a .  The p a t t e r n  w h ich  em erged  was t h a t  Clemson 
S p i n e l e s s  and  E m era ld  showed t h e  h i g h e s t  and  s i m i l a r  germ­
i n a t i o n  p e r c e n t a g e s  d u r i n g  t h e  e n t i r e  l e n g t h  o f  t h e  s t o r a g e  
t e s t .  L o u i s i a n a  G reen  V e lv e t  and  Gold  C o a s t  showed t h e  
l o w e s t  p e r c e n t a g e s  w h ich  w ere  s i g n i f i c a n t l y  d i f f e r e n t  f rom 
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Figure 15. The effect of storage time on the germination of okra (see data 
Appendix Table 12).
was o n e  o f  v e r y  l l c t l e  ch a n g e  I n  p e r  c e n t ,  g e r m i n a t i o n  a s  t h e  
s t o r a g e  t im e  I n c r e a s e d .  B a r t o n  (1 1 )  r e p o r t e d  t h a t  i n  e x ­
t e n d e d  s t o r a g e  t e s t  s e e d s  o f  t r e e s ,  v e g e t a b l e s ,  c o t t o n  and  
f l o w e r s  r e t a i n e d  a  h i g h  c a p a c i t y  t o  g e r m i n a t e  e v e n  when 
s t o r e d  f o r  a s  l o n g  a s  5 y e a r s .  I t  was r e p o r t e d  by  M a r t i n  e £  
a l  ( 6 3 )  t h a t  s e e d  g e r m i n a t i o n  c a n  be  p r o l o n g e d  when s t o r e d  
a t  room t e m p e r a t u r e  and  a t  a  low m o i s t u r e  c o n t e n t .
The e f f e c t  o f  s t o r a g e  on t h e  g e r m i n a t i o n  o f  o k r a  v a r ­
i e t i e s  a s  an  a v e r a g e  o f  a l l  s t o r a g e  t e m p e r a t u r e s  i s  shown 
i n  T a b l e  15. Clemson S p i n e l e s s  an d  E m e ra ld  had  t h e  h i g h e s t  
g e r m i n a t i o n  p e r c e n t a g e s  w i t h  76 and  687., r e s p e c t i v e l y ,  and  
t h e y  w e re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  e a c h  o t h e r .  How­
e v e r  t h e y  w e re  s i g n i f i c a n t l y  d i f f e r e n t  f rom  L o u i s i a n a  G reen  
V e l v e t  and  Gold  C o a s t  w h ich  had  g e r m i n a t i o n  p e r c e n t a g e s  o f  
19 an d  217., r e s p e c t i v e l y .
F i g u r e  16 shows t h e  e f f e c t s  o f  c o n s t a n t  5 C s t o r a g e  on 
t h e  g e r m i n a t i o n  o f  o k r a .  The r e s u l t s  i n d i c a t e  t h a t  Clemson 
S p i n e l e s s  and  E m era ld  a g a i n  b e h a v e  i n  a  s i m i l a r  m a n n e r .  The 
g e r m i n a t i o n  p e r c e n t a g e s  g e n e r a l l y  r e m a in e d  t h e  same t h r o u g h ­
o u t  t h e  s t o r a g e  p e r i o d .  The r a n g e  f o r  C lem son  S p i n e l e s s  was 
80-67% and  f o r  E m e ra ld  80-64%. The p e r  c e n t  g e r m i n a t i o n  o f  
C lem son  S p i n e l e s s  r e m a in e d  h i g h  t h r o u g h o u t  t h e  s t o r a g e  p e r i o d ,  
b u t  t h a t  o f  E m e ra ld  d e c l i n e d  s l i g h t l y  by  t h e  en d  o f  t h e  same
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Table 1^. Germination of okra varieties as affected by
storage as an average of all storage temperatures .
V a r i e t y G e r m i n a t i o n
<%)
L o u i s i a n a  G re en  V e l v e t 19b1
C lem son  S p i n e l e s s 76a
G old  C o a s t 2 1b
E m e ra ld 6 8 a
Any two means n o t  f o l l o w e d  by t h e  same l e t t e r  a r e  s i g n i f i ­
c a n t l y  d i f f e r e n t  a c c o r d i n g  t o  D u n c a n ' s  New M u l t i p l e  Range 
T e s t .  P < . 0 1 .
2
S t o r a g e  t e m p e r a t u r e s :  c o n s t a n t  5 ,  c o n s t a n t  2 5 ,  a l t e r n a t i n g
1 0 / 3 5 ,  and  a l t e r n a t i n g  2 5 /3 5  C.
p e r i o d  a f t e r  a  s l i g h t  i n c r e a s e  d u r i n g  t h e  e a r l y  s t a g e s  o f  
s t o r a g e .  The p e r  c e n t  g e r m i n a t i o n  o f  L o u i s i a n a  G re e n  V e l v e t  
was low a t  t h e  s t a r t  o f  t h e  t e s t  an d  r e m a in e d  low t h r o u g h o u t  
t h e  t e s t .  The r a n g e  was 27-16% g e r m i n a t i o n  f o r  L o u i s i a n a  
G re e n  V e l v e t .  G o ld  C o a s t  a l s o  had low p e r  c e n t  g e r m i n a t i o n  
w i t h  a  r a n g e  o f  32-13% an d  a  g r a d u a l  d e c l i n e  i n  g e r m i n a t i o n  
a s  t h e  s t o r a g e  p e r i o d  i n c r e a s e d .  The d u r a t i o n  o f  s t o r a g e  a t  
5 C d i d  n o t  seem t o  h a v e  an  e f f e c t  on t h e  g e r m i n a t i o n  o f  
o k r a  o t h e r  t h a n  t h e  v a r i e t a l  e f f e c t  m e n t i o n e d  p r e v i o u s l y .
The d a t a  i n d i c a t e s  t h a t  t h e  g e r m i n a t i o n  o f  o k r a  s e e d  c a n  be  
m a i n t a i n e d  a t  5 C s t o r a g e  f o r  an  e x t e n d e d  p e r i o d  o f  t i m e .
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Figure 16. The effect of 5 C storage on the germination of okra (see data
Appendix Table 13).
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F i g u r e  17 shows t h e  e f f e c t s  o f  c o n s t a n t  25 C s t o r a g e  on 
t h e  g e r m i n a t i o n  o f  o k r a .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  
p e r  c e n t  g e r m i n a t i o n  d i d  n o t  c h a n g e  a  g r e a t  d e a l  d u r i n g  t h e  
s t o r a g e  p e r i o d  a t  25 C. T h e re  e x i s t e d  h i g h l y  s i g n i f i c a n t  
d i f f e r e n c e s  b e t w e e n  v a r i e t i e s  b u t  n o t  a t  t h e  v a r i o u s  t i m e s  
o f  s t o r a g e .  C lem son  S p i n e l e s s  a g a i n  had  t h e  h i g h e s t  o v e r a l l  
p e r  c e n t  g e r m i n a t i o n  w i t h  a  r a n g e  o f  86-70%. As t h e  r e s u l t s  
i n d i c a t e  t h e r e  d i d  n o t  seem t o  b e  an y  d l f f e r n e c e s  i n  germ ­
i n a t i o n  a s  t h e  t r e a t m e n t  p e r i o d  i n c r e a s e d .  E m era ld  had  t h e  
n e x t  h i g h e s t  r a n g e  w i t h  76-627. g e r m i n a t i o n  f o l l o w e d  by  G old  
C o a s t  w i t h  a 32-10% r a n g e  and  L o u i s i a n a  G re e n  V e l v e t  w i t h  t h e  
l o w e s t  r a n g e  o f  29-14%. A l l  v a r i e t i e s  m a i n t a i n e d  a s i m i l a r  
p a t t e r n  o f  g e r m i n a t i o n  t h r o u g h o u t  t h e  s t o r a g e  p e r i o d .  The 
d a t a  i n d i c a t e d  t h a t  s t o r a g e  o f  o k r a  a t  25 C d i d  n o t  seem t o  
hav e  an y  e f f e c t  on  t h e  g e r m i n a t i o n  o f  o k r a  o t h e r  t h a n  t h a t  
w h ic h  e x i s t e d  b e tw e e n  v a r i e t i e s .
F i g u r e  18 shows t h e  e f f e c t s  o f  a l t e r n a t i n g  1 0 /3 5  C 
s t o r a g e  on t h e  g e r m i n a t i o n  o f  o k r a .  The same b a s i c  p a t t e r n  
a s  m e n t i o n e d  p r e v i o u s l y  e x i s t e d  h e r e .  C lem son  S p i n e l e s s  had  
t h e  h i g h e s t  r a n g e  o f  g e r m i n a t i o n  w i t h  85-667.,  f o l l o w e d  by 
E m e ra ld  w i t h  a  r a n g e  o f  77-61%, t h e n  G old  C o a s t  w i t h  a  28 -  
13% r a n g e  an d  L o u i s i a n a  G reen  V e l v e t  w i t h  a  r a n g e  o f  21-157..  
H ere  a g a i n  t h e  p a t t e r n  was f o r  e a c h  v a r i e t y  t o  m a i n t a i n  a  
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F i g u r e  17. The e f f e c t  o f  25 C s t o r a g e  on th e  g e r m in a t io n  o f  o k ra  ( s e e  d a t a  i n  
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Figure 18. The effect of alternating 10/35 C storage on the germination
okra (see data in Appendix Table 15).
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no s i g n i f i c a n t  d i f f e r e n c e s  o t h e r  t h a n  t h e  v a r i e t a l  d i f f e r ­
e n c e s  w h ic h  w ere  h i g h l y  s i g n i f i c a n t .
F i g u r e  19 shows t h e  e f f e c t s  o f  a l t e r n a t i n g  2 5 /3 5  C 
s t o r a g e  on t h e  g e r m i n a t i o n  o f  o k r a .  A g a in  t h e  v a r i e t a l  
d i f f e r e n c e s  e x i s t e d  an d  w ere  h i g h l y  s i g n i f i c a n t .  Clemson 
S p i n e l e s s  a n d  E m e ra ld  showed a  p a t t e r n  o f  s l i g h t l y  I n c r e a s e d  
g e r m i n a t i o n  a f t e r  t h e  f i r s t  week i n  s t o r a g e  and  t h e n  a  
s l i g h t  d e c l i n e  t o w a r d s  t h e  end  o f  t h e  s t o r a g e  p e r i o d .  Clem­
so n  S p i n e l e s s  had  a  r a n g e  o f  82-70% f o l l o w e d  by E m era ld  w i t h  
a  74-54% r a n g e ,  t h e n  G o ld  C o a s t  w i t h  a  25-107. r a n g e  and  
L o u i s i a n a  G reen  V e l v e t  w i t h  a  24-13% r a n g e .  A g a in  Gold  
C o a s t  an d  L o u i s i a n a  G reen  V e l v e t  had t h e  lo w er  g e r m i n a t i o n  
p e r c e n t a g e s .
The d a t a  c o l l e c t e d  i n d i c a t e s  t h a t  t h e  s t o r a g e  t e m p e r ­
a t u r e  d i d  n o t  seem t o  h a v e  a  m arked  e f f e c t  on t h e  g e r m i n a ­
t i o n  o f  o k r a .  B a r t o n  ( 6 ) s t a t e d  t h a t  c a r r o t ,  l e t t u c e ,  o n io n  
an d  p e p p e r  s e e d  b e n e f i t e d  f rom  d r y i n g  b e f o r e  s t o r a g e  and 
m a i n t a i n e d  t h e i r  g e r m i n a b i l l t y  f o r  s e v e r a l  y e a r s .  She 
m a i n t a i n e d  a  h i g h  g e r m i n a t i o n  c a p a c i t y  w i t h  s e e d  i n  s e a l e d  
s t o r a g e  a t  a  t e m p e r a t u r e  o f  5 C f o r  a  p e r i o d  o f  5 y e a r s .  
H a r r i n g t o n  ( 3 6 )  r e p o r t e d  t h a t  t e s t s  s u g g e s t  t h e  u se  o f  
a l t e r n a t i o n  o f  t e m p e r a t u r e  b e t w e e n  1 8 -3 2  C f o r  t h e  g e r m i n a ­
t i o n  o f  many s p e c i e s  o f  s e e d s ,  w i t h  a n  a l t e r n a t i o n  o f  2 0 -3 0  















1 2 4 6 8 12 16
S T O R A G E  T I M E  ( W E E K S )
Figure 19. The effect of alternating 25/35 C storage on the germination of
okra (see data in Appendix Table 16).
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same p a t t e r n  e x i s t e d  t h r o u g h o u t  t h e  s t o r a g e  t e s t s  t h a t  a t  
a l l  t e m p e r a t u r e s  t h e  v a r i e t i e s  C lem son  S p i n e l e s s  and  E m era ld  
c o n s i s t e n t l y  had  t h e  h i g h e r  g e r m i n a t i o n  p e r c e n t a g e s  t h a n  
Gold  C o a s t  o r  L o u i s i a n a  G re e n  V e l v e t .  T h e se  two v a r i e t i e s  
d i d  e q u a l l y  a s  w e l l  when s t o r e d  a t  5 C o r  a t  2 5 /3 5  C, and  
t h e  h i g h e r  s t o r a g e  t e m p e r a t u r e  d i d  n o t  seem t o  i n f l u e n c e  
g e r m i n a t i o n  p r o v i d e d  t h e  s e e d  w ere  m a i n t a i n e d  i n  a  d r y  s t a t e .
D u r i n g  t h e  c o u r s e  o f  t h i s  s t u d y  t h e r e  was a g r e a t  d e a l  
o f  v a r i a t i o n  I n  t h e  g e r m i n a t i o n  p e r c e n t a g e s  o f  t h e  c h e c k  o f  
c e r t a i n  v a r i e t i e s .  T h i s  i s  e s p e c i a l l y  t r u e  w i t h  L o u i s i a n a  
G re en  V e l v e t  and  G o ld  C o a s t .  A p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  
may be  t h a t  e v e n  t h o u g h  t h e  s e e d  s o u r c e  r e m a in e d  t h e  same 
t h e  s e e d  l o t s  w ere  v a r i a b l e .  A l s o  t h e  s t o r a g e  f a c i l i t i e s  
p e r i o d i c a l l y  m a l f u n c t i o n e d  c a u s i n g  a  r i s e  i n  t e m p e r a t u r e  
an d  r e l a t i v e  h u m i d i t y  l e v e l  I n s i d e  t h e s e  ch am b ers  t h u s  
p o s s i b a b l y  l o w e r i n g  t h e  q u a l i t y  o f  t h e  s e e d  s o u r c e  and 
c o n s e q u e n t l y  l o w e r i n g  t h e  g e r m i n a t i o n  p e r c e n t a g e .  As t h e  
r e s u l t s  o f  t h e  s t o r a g e  t e s t  I n d i c a t e  a s  l o n g  a s  a  low m o i s t ­
u r e  e n v i r o n m e n t  i s  m a i n t a i n e d  t h e  g e r m l n a b i l i t y  can  be 
m a i n t a i n e d  e v e n  when s t o r e d  a t  h i g h  t e m p e r a t u r e s .
D a ta  was c o l l e c t e d  on t h e  s h o o t  l e n g t h ,  r o o t  l e n g t h  
an d  t o t a l  l e n g t h  b u t  I t  i s  n o t  r e p o r t e d  h e r e i n  due  t o  t h e  
f a c t  t h a t  upon  a n a l y s i s  i t  was fo u n d  t h a t  t h e r e  w ere  no 
s i g n i f i c a n t  d i f f e r e n c e s  o b t a i n e d  i n  t h i s  d a t a .
SUMMARY
L o u i s i a n a  G re e n  V e l v e t ,  C lemson S p i n e l e s s ,  G o ld  C o a s t  
an d  E m era ld  w e re  s u b j e c t e d  t o  t r e a t m e n t s  w i t h  m e c h a n i c a l  
an d  a c i d  s c a r i f i c a t i o n ,  c h e m i c a l s ,  g ro w th  r e g u l a t o r s ,  m i c r o -  
n u t r i e n t  e l e m e n t s  and  s t o r a g e  t e m p e r a t u r e s  and  p e r i o d s .  The 
o b j e c t i v e  was t o  d e t e r m i n e  t h e  e f f e c t  o f  t h e s e  v a r i o u s  t r e a t ­
m e n t s  on t h e  g e r m i n a t i o n  o f  o k r a .
The u s e  o f  m e c h a n i c a l  s c a r i f i c a t i o n  m a i n t a i n e d  a  h i g h  
l e v e l  o f  g e r m i n a t i o n  f o r  L o u i s i a n a  G re e n  V e l v e t  a s  t h e  d u r ­
a t i o n  o f  t r e a t m e n t  I n c r e a s e d .  But i n  t h e  c a s e  o f  t h e  o t h e r  
v a r i e t i e s ,  e s p e c i a l l y  C lemson S p i n e l e s s  and  E m e r a ld ,  a s  t h e  
d u r a t i o n  o f  t r e a t m e n t  I n c r e a s e d  t h e r e  was a  g r a d u a l  d e c r e a s e  
i n  t h e  g e r m i n a t i o n .  Thus  i t  s h o u l d  n o t  be  recommended f o r  
u s e  on t h e s e  two v a r i e t i e s  a s  a  m ethod  t o  i n c r e a s e  t h e  germ ­
i n a t i o n  p e r c e n t a g e .
S c a r i f i c a t i o n  w i t h  c o n c e n t r a t e d  s u l f u r i c  a c i d  p ro d u c e d  
l i m i t e d  r e s u l t s .  The g e r m i n a t i o n  o f  L o u i s i a n a  G reen  V e l v e t  
was s l i g h t l y  i n c r e a s e d  by t r e a t m e n t  f o r  1 , 2 , 5 , 1 0 , and 15 
m i n u t e s  w i t h  c o n c e n t r a t e d  s u l f u r i c  a c i d .  The g e r m i n a t i o n  
o f  t h e  o t h e r  v a r i e t i e s  t e s t e d  was d e c r e a s e d  when s u b j e c t e d  
t o  t h e  same t r e a t m e n t .  T h e r e f o r e  i t  s h o u l d  n o t  b e  recom ­
mended a s  a  m e thod  t o  I n c r e a s e  t h e  g e r m i n a t i o n  o f  t h e s e  
v a r i e t i e s .
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Of t h e  c h e m i c a l s  t e s t e d ,  t h i o u r e a  showed t h e  b e s t  r e s ­
ponse  i n  I n c r e a s i n g  t h e  g e r m i n a t i o n  o f  o k r a .  L o u i s i a n a  
G reen  V e l v e t  showed a  g r a d u a l  I n c r e a s e  In  t h e  p e r  c e n t  germ­
i n a t i o n  a s  t h e  t r e a t m e n t  t im e  I n c r e a s e d  up t o  t h e  8 h o u r  
t r e a t m e n t  t im e  t h e n  t h e r e  was a g r a d u a l  d e c l i n e  i n  g e rm in a ­
t i o n .  The o t h e r  v a r i e t i e s  d id  show a g r a d u a l  d e c r e a s e  in  
g e r m i n a t i o n  b u t  had a  p a t t e r n  w h ich  m a i n t a i n e d  a  l e v e l  o f  
g e r m i n a t i o n  cp m p arab le  t o  t h a t  o f  t h e  c h e c k .  Thus t h i o u r e a  
may have  some p ro m is e  a s  a t r e a t m e n t  t o  i n c r e a s e  t h e  p e r  
c e n t  g e r m i n a t i o n  o f  L o u i s i a n a  Green  V e l v e t .  T r e a tm e n t  w i t h  
a c e t o n e  and  e t h a n o l  d i d  n o t  show any e f f e c t  on t h e  g e r m in a ­
t i o n  o f  o k r a .  The g e r m i n a t i o n  p e r c e n t a g e s  w ere  low er  when 
t r e a t e d  w i t h  e t h a n o l  t h a n  w i t h  a c e t o n e .
T r i a c o n t a n o l ,  g l b b e r e l l i c  a c i d  and k l n e t i n  t r e a t m e n t s  
d i d  n o t  i n f l u e n c e  th e  g e r m i n a t i o n  o f  o k r a .  The t e s t  r e s u l t s  
i n d i c a t e  t h a t  t h e r e  was no e f f e c t  on t h e  g e r m i n a t i o n  o f  o k ra  
w i t h  r e g a r d  to  c o n c e n t r a t i o n  o r  t r e a t m e n t  d u r a t i o n  o f  t h e  
g ro w th  r e g u l a t o r s  t e s t e d .
The t r e a t m e n t  o f  o k r a  w i t h  m i c r o n u t r i e n t  e l e m e n t s  d i d  
n o t  i n f l u e n c e  th e  g e r m i n a t i o n  o f  t h e  v a r i e t i e s  t e s t e d .  The 
c o n c e n t r a t i o n  o r  d u r a t i o n  o f  t r e a t m e n t  showed no I n f l u e n c e  
on t h e  p e r  c e n t  g e r m i n a t i o n  o f  o k r a .
The r e s u l t s  o f  t h e  s t o r a g e  t e s t  I n d i c a t e  t h a t  th e  temp­
e r a t u r e  o r  d u r a t i o n  o f  s t o r a g e  d i d  n o t  g r e a t l y  i n f l u e n c e  th e
85
g e r m i n a t i o n  p e r c e n t a g e s  o f  o k r a .  The r e s u l t s  i n d i c a t e  t h a t  
o k r a  s e e d  m a i n t a i n e d  in  a  d r y  s t a t e  can  be s t o r e d  f o r  a 
c o n s i d e r a b l e  l e n g t h  o f  t im e  a t  v a r i o u s  t e m p e r a t u r e s  and 
s t i l l  m a i n t a i n  t h e i r  c a p a c i t y  t o  g e r m i n a t e .
The m ost  c o n s i s t e n t  r e s u l t  o b t a i n e d  was t h a t  o f  t h e  
v a r i e t a l  d i f f e r e n c e s .  I n  a m a j o r i t y  o f  t h e  t e s t s  c o n d u c te d  
t h e  v a r i e t i e s  Clemson S p i n e l e s s  and  Em erald  showed s i m i l a r  
p a t t e r n s  o f  b e h a v i o r  and L o u i s i a n a  Green V e l v e t  and Gold 
C o a s t  b eh av ed  i n  a s i m i l a r  m anner .
The r e s p o n s e  o f  L o u i s i a n a  Green  V e l v e t  t o  m e c h a n i c a l  
and a c i d  s c a r i f i c a t i o n  may be due t o  t h e  f a c t  t h a t  t h e  
h a r d  s e e d  c o a t  may have b een  r e n d e r e d  p e r m e a b le .  T h i s  i s  
b ac k ed  up by th e  f a c t  t h a t  Clemson S p i n e l e s s  and Emerald  
w h ich  t r a d i t i o n a l l y  g e r m in a t e  q u i t e  r e a d i l y  showed d e c r e a s e d  
g e r m i n a t i o n  when t h e  d u r a t i o n  o f  s c a r i f i c a t i o n  was i n c r e a s e d .  
A l s o  th e  f a c t  t h a t  t h e  s e e d  c o a t  was damaged t o  a g r e a t e r  
d e g r e e  by m e c h a n i c a l  s c a r i f i c a t i o n  t h u s  l e a d i n g  t o  d e c r e a s e d  
g e r m i n a t i o n .  T h e r e f o r e  t h e  h a rd  s e ed  c o a t  o f  L o u i s i a n a  
G reen  V e l v e t  a c t s  a s  a  b a r r i e r  t o  i t s  g e r m i n a t i o n  and any 
t r e a t m e n t  which  c o u l d  r e n d e r  i t  p e rm e a b le  c o u ld  i n f l u e n c e  
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Ck 5 10 15 30 60 121
Louisiana Green Velvet 75 74 72 70 66 68 40
Clemson Spineless 57 53 48 33 15 8 4
Gold Coast 30 15 8 15 7 5 4
Emerald 61 60 62 47 51 29 14
hsd (.0 1 ) 25 25 25 25 25 25 25
vfi
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Ck 1 2 5 10 15 20 30 60 120
Louisiana Green Velvet 46 62 61 54 47 57 36 42 45 38
Clemson Spineless 78 32 12 24 18 15 19 33 12 35
Gold Coast 41 24 20 21 24 16 25 28 14 10
Emerald 58 34 34 45 36 39 32 37 39 25









Ck 2 4 8 16 24
Louisiana Green Velvet 59 75 79 85 78 63
Clemson Spineless 77 73 74 73 67 46
Gold Coast 11 6 11 6 6 6
EmeraId 71 66 65 65 54 73
hsd (.0 1 ) 24 24 24 24 24 24
V0
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Ck 1__ 2 5 10 15 20 30 60 120
louisiana Green Velvet 14 15 11 15 10 11 19 11 22 15
Clemson Spineless 85 77 76 70 68 69 54 52 49 40
Gold Coast 15 8 7 8 5 8 7 7 10 9
Emerald 61 52 45 42 37 33 28 36 45 39









Ck 1 2 5 10 15 20 30 60 120
Louisiana Green Velvet 63 45 36 34 11 4 13 4 4 4
Clemson Spineless 37 58 50 46 39 20 30 18 12 6
Gold Coast 19 7 6 4 9 o 18 8 9 5
Emerald 64 7 5 9 10 23 7 21 18 6




A p p en d ix
T a b l e  6 .  G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by  t r e a t m e n t  
w i t h  t r i a c o n t a n o l  a t  v a r i o u s  c o n c e n t r a t i o n s .
V a r i e t y  G e r m i n a t i o n
a .)
C o n c e n t r a t i o n
(ppm)
Ck Ck+DCM 1 2 4
L o u i s i a n a  G reen  V e l v e t 12 17 13 10 10
Clemson S p i n e l e s s 65 65 63 56 62
G old  C o a s t 43 17 36 32 22
E m era ld 47 46 34 31 36
h s d  ( . 0 1 ) 26 26 26 26 26
101
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T a b l e  7 .  G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by  t r e a t m e n t  
w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  g i b b e r e l l l c  a c i d .
V a r i e t y G e r m i n a t i o n
(%)
C o n c e n t r a t i o n
(ppm)
Ck 100 500 1000
L o u i s i a n a  G reen  V e l v e t 17 21 19 19
Clemson S p i n e l e s s 75 74 64 65
Gold  C o a s t 6 5 5 5
E m e ra ld 66 59 56 54
h s d  ( . 0 5 ) 18 18 18 18
102
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T a b l e  8 .  G e r m i n a t i o n  o f  o k r a  a s  a f f e c t e d  by v a r i o u s  
d u r a t i o n s  o ' f ' t r e a t m e n t  w i t h  g l b b e r e l l i c  a c i d  a s  an  a v e r a g e  
o f  a l l  c o n c e n t r a t i o n s 1 .
V a r i e t y  G e r m i n a t i o n
< % >
T r e a t m e n t  Time 
( h o u r s )
Ck 2 4 8 12
L o u i s i a n a  G reen  V e l v e t 17 20 21 22 17
Clemson S p i n e l e s s 75 68 76 56 71
Gold  C o a s t 6 5 4 5 6
E m era ld 66 57 54 56 59
h s d  ( . 0 1 ) 22 22 22 22 22
*C o n c e n t r a t i o n s  o f  g l b b e r e l l i c  a c i d :  0 ,  1 0 0 ,  5 0 0 ,  and  lOOOppm
Appendix
Table 9. G e rm in a t io n  o f  o k ra  a s  a f f e c t e d  by t r e a t m e n t  w i th  k i n e t i n  a s  an 
a v e ra g e  o f  a l l  c o n c e n t r a t i o n s 1 .
V a r i e t y  G erm in a t io n
(%)
T re a tm en t  Time 
( h o u r s )
Ck
Ck+
HC1 2 4 8 12
L o u i s i a n a  Green V e lv e t 61 66 65 63 68 63
Clemson S p i n e l e s s 52 55 54 54 48 54
Gold C oas t 34 30 42 29 34 42
Emerald 63 59 63 52 63 60
hsd ( . 0 5 ) 22 22 22 22 22 22
^ C o n c e n t r a t i o n s  o f  k i n e t i n :  0 ,  10, 50, 100 ppm.
Appendix












2 4 8 12
Louisiana Green Velvet 10 — — 70 57 74 69
50 — — 61 63 60 66
100 — — 63 69 69 55
0 52 55 __ _ _ _
Clemson Spineless 10 — — 55 62 57 61
50 — — 50 56 42 44
100 — — 57 43 44 48
0 34 30 _  _ _  _
Gold Coast 10 — — 54 31 40 44
50 — — 28 30 28 46
100 — — 45 27 33 35
0 63 59 _  _ ^  _
Emerald 10 — — 65 38 53 6 8
50 — — 73 60 67 51
100 — — 52 58 68 60
hsd (.05) 22 22 22 22 22 22
Appendix
Table 11. Germination of okra as affected by treatment with micronutrient















Louisiana Green Velvet 21 19 23 20 20 25 19 19 22
Clemson Spineless 53 43 39 46 49 44 48 40 49
Gold Coast 8 7 8 5 8 5 5 7 5
Emerald 59 47 59 61 42 53 55 43 53
hsd (.05) 24 24 24 24 24 24 24 24 24
^Concentrations of solutions: 0 ,  0 . 1 ,  1 . 0 ,  10.0%.
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Table 12. Germination of okra as affected by duration of storage as
an average of all storage temperatures1.




1 2 4 6 8 12 16
louisiana Green Velvet 18 20 23 19 19 21 15
Clemson Spineless 78 78 79 77 75 67 80
Gold Coast 29 24 20 23 21 12 17
Emerald 64 72 75 6 8 73 61 64
hsd (.0 1) 23 23 23 23 23 23 23
'■Storage t e m p e r a tu r e s :  a Y t e r n a t i n g CJ5?35Sca n t  25 C> a l t e r n a t i n 8 c *
Appendix





1 2 4 6 8 12 16
Louisiana Green Velvet 18 24 27 21 18 21 16
Clemson Spineless 80 78 79 67 78 67 76
Gold Coast 30 32 21 23 20 13 19
Emerald 67 72 80 75 77 64 64
bsd (.0 1 ) 23 23 23 23 23 23 23
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Appendix





1 2 4 6 8 12 16
Louisiana Green Velvet 17 17 24 20 25 29 14
Clemson Spineless 85 70 77 77 84 73 86
Gold Coast 32 21 30 26 21 12 10
Qnerald 65 76 72 68 70 66 62
Appendix
Table 15. Germination of okra as affected by storage at an alternating





1 2 4 6 8 12 16
Louisiana Green Velvet 19 19 18 19 21 15 16
Clemson Spineless 71 85 83 85 68 66 76
Gold Coast 28 23 15 24 25 13 17
Emerald 6 8 65 77 61 76 61 66




Table l<t Gemination of okra as affected by storage at an alternating 





1 2 4 6 8 12 16
Louisiana Green Velvet 19 20 24 17 13 20 15
Clemson Spineless 75 79 78 78 70 33 82
Gold Coast 25 22 15 20 20 10 21
Rnerald 56 74 71 70 71 54 65
hsd (.01) 23 23 23 23 23 23 23
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